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This report presents a generalization and updating ot the Utility-Owned Solar Electric System (USES) method- 
ology [Doane 1976], which is in widespread use throughout the energy generation systems analysis community. 
The tnqor new contributions are these: 

(1) Relaxation of the ownership assumption. 

(2) Removal of the constraint that all systems compared must have the same system lifetime. 

(3) Explicit treatment of residual system value at the end of system life. (Removal of the assumption that all 
components within a system have lifetimes commensurate with the system lifetime.) 

(4) Explicit treatment of variations in system performance with time. 

(5) Explicit treatment of tax incentives, including use of the investment as a tax shelter. Tax incentives incor- 
porated include investment tax credits, solar tax credits, property tax rates, accelerated depreciation, and 
capital gains. 

(6) Incorporation of financial benefits of usable thermal energy, utility buy-back (in parallel or simultaneous 
mode) of excess electricity generated, capacity displacement and fuel savings credits, and, where appro- 
priate, roof credits. 

The net present value of the system, viewed as an investment, is determined by consideration of all financial 
benefits and costs (including a specified return on investment). Along the way, life cycle costs, life cycle revenues, 
and residual system values are obtained. Break-even values of system parameters are estimated by setting the net 
present value to zero. While the model was designed for photovoltaic generators with a possible thermal energy 
byproduct, its applicability is not limited to such systems. 

The resulting Owner-dependent Methodology for Energy Generation system Assessment (OMEGA) consists of 
a few equations that can be evaluated without the aid of a high-speed computer. 

This report is published in two volumes. Volume 1 is a self-contained summary, and can be thought of as a 
user’s guide to the application of OMEGA. Volume II gives the complete derivation. 
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1. INTRODUCTION TO VOLUME II 


Care wu taken in preparing this document to separate the OMEGA algorithm from its rather lengthy derivation 
and the detailed discussion of issues, assumptions, and approximations which led to it. 

The algorithm is given in Volume I, along with enough definitions and accompanying material to facilitate iu 
use. This volume contains the background analyses and discussions. It is anticipated that the primary audiences of 
the two volumes will be quite different. 
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2. NET PRESENT VALUE 


2.1 Definition* 

The foundation of this methodology it the concept of the net present value of the system under consideration. 
Equal cash flow* at different times do not have the same worth to the supplier (or recipient) of the cash flow; the 
present value operation adjusts for timing differences so that the worths can be compared. The net present value is 
obtained by subtracting the sum of the present values of all costs from the sum of the present values of all financial 
benefits. 

Definition: The present value of a cadi flow of an amount A occurring at time r is the amount of money which, if 
invested at a time arbitrarily called the present (to simplify notation, the present in this analysis is taken to be the 
time at which the tyttem first starts producing usable energy; all times are measured relative to that time, hence; 
t ■ 0 at the start of usable energy production), earning interest compounded every period st the discount rate (tee 
Section 4.4.1. 3, 11-37 for a discussion of th« selection of s numerical value), would be worth A at time r. (If the 
cash flow occurs before the present the definition does not change - the investment is for a negative number at 
periods. An equivalent interpretation which may be easier to accept is that the amount A, earning interest com- 
pounded every period at the discount rate, would be worth the present value at the present.) 

Not only does worth depend on the timing of cash flows, but the amount of money associated with a particular 
amount of worth also changes with time due to inflation and escalation. 

Definition : Inflation is a change in the value of a given number of dollars, as approximated by the Implicit Price 
Deflator published by the Department of Commerce. 

All present values are expressed in terms of base year dollars, denoted $ b . The value of a dollar at time / is assumed 
to be equal to the ratio of the Implicit Price Deflator (IPD) at time Y b , where Y b is the base year, to its value at 
time t. The IPD is published quarterly; interpolation ,o finer resolution is not recommended - use of the IPD for 
the last quarter completed prior to the date of interest is preferred. 

Note: The base year, Y b , is not necessarily the present. (By way of illustration, a cost of A dollars on July 13, 
1978, would be worth A X 121.60/150.98 S, 97} because the IPD for the fourth quarter of 1974 is 121.60 and the 
IPD for the second quarter of 1978 is 150.98. It may be noted from this illustration that the symbol is used to 
denote year t dollars and that the start of the year is to be assumed if no further information is given.) 

Let 


8 Inflation factor from the base year, Y b , to the start of system operation at t 8 0; the ratio of IPD for 
t 8 0 to IPD for t corresponding to Y y Note that will normally be greater than unity if the base 
year precedes the start of system operations. 


The present value computation is given by 


PV(A t ) 


*,(!♦*)' 


0 ) 
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where 1 

PV (A f ) • Present value of • cash flow of A t (expressed in S t ) occurring at time t, exprened in $ h . 

k ■ The discount rate, expressed in % (per year). (Note that percentage! mutt always be converted to 
fractions (by dividing by 100%) before use in computations.) 

The division by (I ♦ *)' produces the present value of the cash flow (as of t ■ 0, the present). The division by 4>j 
deflates (or perhaps inflates) that present value to base year dollars, $ b . 

The 1PD measure! *he change in the purchasing power of the dollar averaged over the entire gross national 
product. Prices of individual goods and services change at different rates. In addition, the amounts of goods and 
services required to achieve a given result may change. The combined effect of these two phenomena is called 
escalation. The following three escalation factors will be used later: 

d>, * Escalation factor for the price of electrical energy from the bate year to the start of system operation. 

(The ratio of the price of electrical energy to the prospective user of the system under consideration 

at time t • 0 to the price at Yy) 

d» c M Escalation factor for the price of capital goods from the base year to the start of system operation. 

•P x * Escalation factor for operating and maintenance expenses from the base year to the start of system 

operation. 

In addition to these factors, which can incorporate non<onstant percentage changes from year to year, the related 
escalation rates , assumed to be constant from t » 0 on (and in some cases before < » 0) for the sake of simplicity, 
will be used: 

g t * Electrical energy retail price escalation rate, expressed in % (per year). 

g e * Capital cost escalation rate, expressed in % (per year). 

g x u Operating and maintenance expense escalation rate, expressed in % (per year). 

g t « Escalation rate for energy sold back to the electrical utility , expressed in % (per year). This rate may be 
different from that lor the retail price of electrical energy, g t ,os a result of changing penetration into 
the grid. 

2.2 The SPV Equation, 

The net present value of the system is given by Equation 2. 


SPV « 1<IXWJT - COST 


( 2 ) 


1 In thu document, tymboU tiled arc completely defined when first introduced, usually Immediately after an equation. Symbol* 
defined earlier are not repeated. Note: The reader can find the definition* of previously defined symbols by looking for bo*d face 
type u> the Index. 
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where: 


NPV ■ Net preeent value of ell financial benefits end coats that would result from in (tailing and 
operating the system under consideration, e x p res sed in 

BENEFIT ■ Sum of the present values of aO financial benefits (revenues and/or energy cost savings) re- 
tutting from system operation, expressed in $ b . 

COST ■ Sum of the present values of all costs resulting from system operation, expressed in S y 
2.3 the Requked Revenue Condition 

The basis for the determination of a normative system energy price is the required revenue condition : 


The price of energy shall be chosen so that the present value of all financial benefits is exactly equal to the 
present value of all costs (I n cludi n g a “reasonable” return on equity). 


That is to say, the normative system energy price is that which makes the net present value of investment in the 
system exactly equal to zero. 

The normative pnce that results from the application of this condition is the marginal cost of energy production 
by the system under consideration, and hence the minimum price of energy at which an investor considering the 
system would consider the investment economically viable. 

The normative syttem energy price is also the break-even system energy price. In fact, break-even values of any 
of the system psrameters are defined on the same basis: 


The break-even value of a system parameter is that value, if any, for which the present value of all 
financial benefits is exactly equal to the present value of all costs (including a “'casonable" return on 
equity). 


Investment decisions will require consideration of additional information, such as the effects of interactions 2 
between the system considered and other hardware already in place or scheduled, the relationship of this investment 
to the investor's total investment portfolio, and non -financial benefits and coats (such as energy independence, 
reduction of pollutant production, i m p ro v emen t of employees' working conditions, system aesthetics, and so on) 
relative to the competitive alternatives. The net present value itself is one of the most useful figures of merit avail- 
able to the potential investor, and provides a measure in which the size of the system has not been eliminated. 

2.4. deneflts and Costs 

The two terms on the right hand side of Equation (2), 11-3 may be written more explicitly as follows: 

BENEFIT • ^PV (Benefit,)* £ PV (Benefit,) (3) 

f— fN+i 


2 $omc of the potsfek iatcrictioai cmn be evaluated within this methodology : aoe the dh cutdoni of capacity credit* Juei mvmp 
credit , thermal credit , and roof credit. 
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N 


COST • £ PV (Cost ,)+ £ p Y(C°*‘ t ) 
r=-*» f*N+i 


( 4 ) 


where 


Benefit ( = Total financial benefit received at t, expressed in nominal dollars ($ t ). 

Cost f - Total cost paid at t, expressed in $ f . 


N = System lifetime, expressed in years. In the USES methodology, it is assumed that the end of 

the system lifetime (t =W) is a satisfactory planning horizon, and that either the present value 
computation (see Equation (1), U-2) reduces any benefits or costs that occur after / = N to in- 
significance or that the system is decommissioned at t * N. The use of BBEC as a measure of 
the normative system energy price in USES led to the restriction that all systems to be com- 
pared had to have the same system lifetime, because the price BBEC does not show the effects 
of inflation on benefits. (The effects of inflation are fully accounted for in the USES deter- 
mination of BBEC 0 .) The restriction that all systems compared must have the same lifetime 
has been removed in OMEGA; in fact, the system lifetime need not even be related to the 
replacement lifetimes of any of the system components. In OMEGA, the system lifetime is 
rather arbitrary - it marks the dividing line between life cycle costs (and revenues) and the 
residual system value. If the system is resold for capital gains, it is sold at the end of the 
system lifetime — in that context, AT should be considered to be the Investment lifetime. 


PV = Present value function defined by Equation (1), U-2 . 


The careful reader will note in the following pages that although all the explanations are written in terms of 
annual cadi flows, there is little in the mathematics to preclude the use of shorter time periods, such as months. 
Anyone willing to bear the additional computational burden can use the model with appropriately adjusted rates and 
lifetimes. 


The first summation in both Equations (3) and (4), addresses the time period from the first system-resultant 
cash flow (which is very likely to occur before the start of system operations at t - 0, but much later than t = 
negative infinity, so the lower limit of the summation can be replaced by tp the time of that first cash flow) to the 
end of the system lifetime. 

The present value operation causes the terms in the second summation in Equations (3) and (4), to be rela- 
tively small 3 . Furthermore, if the system under consideration is assumed to be a finite -lived project, then the last 
system-resultant cash flow occurs at or near the end of the system lifetime, so that there are no terms in the second 
summation. These arguments constitute the rationale for omitting the second summation altogether, as was done in 
USES. For calculation of the financial contribution to capital budgeting decisions, these conditions are usually met 
and the second summations can indeed be omitted. 


3 From Equation (1), II-2, if * ■ 10% and N * 30 years, a cash flow of $1 at f = N + 1 contributes only $0.05 to the present value. 
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However, this methodology has other 4 applications, and the necessary conditions are not always met. The con- 
cept of resi dual system value has been introduced to extend the methodology's applicability to situations in which 
component lifetimes are not necessarily submultiples of the system lifetime. 

23. life Cycle Revenue and Cost and Residual System Value 


For convenience, associate names and symbols with the four summations in Equations (3) and (4), 114: 

N 


REV * 2 RV (Benefit') 


( 5 ) 


*=*, 


where 

REV 


= Life cycle revenues; the sum of the present values of all financial benefits (not just revenues) 
resulting from system operation during the system lifetime, expressed in $ y 

= Time of the first system-resultant cash flow, expressed in years after the start of system operation. 
(Thus, t { will normally be neptive.) 


N 


LCC - 'E i PV(Cost t ) 


( 6 ) 




where 


LCC = Life cycle cost; the sum of the present values of all costs resulting from system operation during 
the system lifetime, expressed in $ b . 


RSB = J3 Pv (Benefit') 


(7) 


f=JV+ 1 


where 

RSB 


m Benefit part of residual system value; the sum of the present values of all system-resultant financial 
benefits that occur after the end of the system lifetime, expressed in $ b . 


RSC = £ RV (Cost') 


( 8 ) 


r= AT+i 


4 One of the most interesting uses of this methodology, for example, is the determination of the effect of component lifetimes on 
system energy price. Omission of the second summations can cause peculiar jumps in system energy price at the component life- 
time is varied past submultiples of the system lifetime. By way of illustration, suppose the system lifetime is 30 years and array 
lifetimes of 29 and 31 years are considered. The 29-year array must be replaced at t * 29 in order to keep the system operational 
for 30 years, the 31 -year array need not be replaced. The benefits from operating the system with the 29-year array for 27 more 
years than with the 31 -year array would be ignored, but a major contributor to the cost of providing that capability would not be. 
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where 


RSC = Cost part of residual system value; the sum of the present values of all system-resultant costs that 
occur after the end of the system lifetime, expressed in $ b . 

The net residual system value is of interest as well: 


RSV=RSB-RSC 


( 9 ) 


where 

RSV = (Net) residual system value; the net present value of all system-resultant benefits and costs that 
occur after the end of the system lifetime, expressed in $ b > 

Evaluation of the four terms defined by Equations (5), through (8) 11-6, requires consideration of what would 
really be done with the system at the end of the system lifetime. If the system were a “wonderful one-hoss shay” 5 , 
there would be no further benefits or costs to be considered, and the residual system value would be zero. The same 
would be the case if, the system were resold, because the revenues from resale are (arbitrarily) treated as a reduction 
in life cycle cost, rather than as a residual value. (See Section 4.5 .2.2, 11-51.) If the system is decommissioned, on 
the other hand, the sum of the salvage values of the components, taking into account the fact that they may have 
different ages, should be used as the resale revenue, and the present value of the costs of system removal and site 
restoration should be inserted as the (negative) residual system value. 

In many cases, the system, having been kept in good repair, would still have considerable value if maintenance 
and use were to be continued, or if those components that are still in good condition were to be used in other but 
similar systems. In these cases, it is the value remaining in the system that should be used. One way to estimate this 
value would be to sum the depreciated values of all of the system components. Depreciation, however, is merely a 
legally -approved approximation to that value and was designed to meet other 6 objectives. A better way to estimate 
the residual system value in these cases is to assume, /or the purpose of this calculation , that the system will be 
maintained and operated in perpetuity. 7 The discounting that often makes the system lifetime a satisfactory plan- 
ning horizon will greatly reduce the impact of ignoring the fact that obsolescence will eventually make continued 
operation uneconomic. The effect of this treatment is to move the planning horizon considerably farther into the 
future. 

Strictly speaking, the summations in the definitions of REV and LCC should include all benefit and cost cash 
flows resulting from installation of the system and operation of it during the system lifetime, and the summations in 
the defmitions of RSV should include all benefit and cost cash flows resulting either from removal, salvage, and res- 
toration or from continuation of system operation beyond the specified lifetime. The distinction between “costs 


5 In Oliver Wendell Holmes* classic poem “The Deacon’s Masterpiece or The Wonderful One-Hoss Shay”, the deacon designed and 
built a horse-drawn carriage so exquisitely that no maintenance or repairs were ever required. After exactly 100 years of daily 
operation, the caniago was worn out - but so uniformly that it suddenly became “a heap or mound, as if it had been to the mill 
and ground”. 

6 Tax depreciation rules are designed to encourage certain types of investment. Book depreciation conventions are sometimes de- 
signed to provide protection against some kinds of uncertainties and sometimes designed to estimate resale (i.e. salvage) values. 
Neither tax nor book depreciation usually accounts for inflation. 

7 It may be noted that extending the planning horizon to the least common multiple of all of the component lifetimes (and the 
system life) will give the same result. That, however, would be a little more cumbersome mathematically, and no more satisfactory 
from a philosophical point of view. 
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during the system lifetime" and "costs resulting from operation during the lifetime" is primarily of theoretical, not 
practical, importance: The timing of actual cash flows may not coincide exactly with the model of system opera* 
tions, anyway. For example, receipt of payments for utility bills usually occurs a month or two after the electricity 
is delivered. There has been no attempt to model the real world to that level of detail. 


3. BENEFITS 


Financial benefits considered here come from three sources, which are of different relative importance to the 
different kinds of owners. The three sources are: 

(1) Electrical energy generated by the system and used by the system owner. The normative system energy 
price is an estimate of the cost of producing this energy - it is analogous to the busbar energy cost (BBEC) 
determined by USES. 

(2) Thermal energy generated by the system and used by the system owner. In the present context, thermal 
energy is treated as a byproduct of system operation. Its value (per unit of energy) is determined exoge- 
nously (by the user of OMEGA) from consideration of displacement of thermal energy purchases (e.g., fuel 
oil, coal, natural gas, etc.) and, possibly, from consideration of other effects on the owner's operations 
(eg., more - or less - comfortable working conditions, reductions - or increases - in manufacturing pro- 
cess time, and so on). 

(3) Electrical energy generated by the system and sold to the electrical utility. The price at which it is sold is 
determined by the combined effect of all such “cogenerators” on the utility (FERC 1980] . If all of the 
electrical energy generated by the system is sold to the utility, the system energy price is not meaningful; 
the break-even sellback price is then the estimate of the cost of producing this energy. 

Displaced expenditures for purchased electrical energy are considered to be in the first category of financial benefits. 
Displaced expenditures for energy generation capacity, for fuel, and for maintenance or other operating expenses 
are treated here as cost reductions, not as financial benefits. Any tax benefits are also treated as cost reductions. 

Thus, for all kinds of owners, 


Benefit f ~ (1 - a f ) P { E f + a f p t E f + a ( E ( ( 1 0) 

where 

a f = Fraction of the electrical energy produced by the system during year / which is cold to the electrical 
utility. If the system owner is the utility, this is the fraction sold to some other utility ot the fraction 
put into storage. 

P t = Average value of electrical energy produced by the system during year t and used by the system owner, 
expressed in | f /kWh. When estimating the net present value of the system, P should be set to the 
average price of electrical energy obtained from alternative sources (e.g., the electrical grid). When 
determining the normative system energy price (this term is meaningful only if a t is not identically 
equal to unity), P t is the value of that variable in year t. 

E t = Electrical energy (delivered to the “busbar” or to the meter) generated by the system during year r, 
expressed in kWh. 

a ( = Value of system-produced thermal energy in year f , expressed as a fraction of the value that the system- 
produced electrical energy would have at the grid price of electricity. This parameter can be expressed 
as the product of a price fraction and an energy fraction: 

a t p t E t = (a lt p,)X{a 2 , E t ) (11) 


p t = Average retail price of electrical energy obtained from the utility grid in year t, expressed in J f /kWh. 
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a u * Price (or value) of thermal energy in year t, expressed as a fraction of the price of electrical energy 

obtained from the grid. Although the value of thermal energy is expressed relative to the grid price, 

the displaced supplier of thermal energy need not be the electrical grid. 

a 2f = Thermal energy used by the system owner in year t, expressed (but not necessarily produced) as a 
fraction (or multiple) of the electrical energy produced by the system. 

= Average value of electrical energy produced by the system during year t and sold to the utility, ex- 
pressed in fJkVth. When estimating the net present value of the system, 8* t should be set to the 
average sellback price for electrical energy (which must be determined exogenously). When determin- 
ing the break-even sellback price (this term is only meaningful if o t is not identically equal to zero), 
S* t i$ the value of that variable in year t. 

3.1 The Price Of Energy 

Energy prices are assumed to escalate uniformly, but not necessarily at equal rates: 

P t = P <b e (l+* e ) f ~ 1/J 

P t = p vi +*,) f - 1/2 < 12 > 

& t = & *.(1 +*/' 1/2 

where 

P = System energy price, the marginal cost of electrical energy produced by the system or the price of 

system-supplied electrical energy used by the system owner at the start of system operations (t - 0), 

expressed in $ ' /kWh. 

* ** 

p - Price of electrical energy obtained from the utility grid at the start of system operations ( t = 0), ex- 
pressed in $ b /KWh. 

& = Sellback price for electrical energy produced by the system and sold to the utility at the start of sys- 
tem operations ( t = 0), expressed in $ ft /kWh. 8 

Strictly speaking, the averaging of energy prices called for by the definitions of P f >P v and should be 
weighted by energy production over the year, rather than merely being taken at the middle of the year, as is implied 
by the “-1/2” in the exponents in Equation (12). However, the error of approximation introduced by the assump- 
tion of uniform escalation, is probably more severe than that caused by failing to weight the average. Furthermore, 
the error of approximation due to assuming that the escalation rate is known is probably larger than either. (Ignoring 
escalation, on the other hand, would be tantamount to assuming that it is zero , which would lead to much poorer 
estimates.) 


o 

A slight adjustment may be needed to account for transmission losses (or the lack thereof) if the system is installed on a residence. 
See also Footnote 1 1, 11*1 1. 


IMO 


3.2 The Amount Of Net Electrical Eneigy 

The net electrical energy produced by the system comes first from an initial period of building up to capacity;* 
then, after the plant has reached capacity, energy production is assumed to vary over a definable interval in a pre- 
dictable way. If the system is assumed 10 to be “revitalized” by a block replacement of the energy collection compo- 
nents (i.e., the arrays), then the pattern of energy production during the first interval repeats itself until the system 
is decommissioned. 

Determination of the predicted performance of the system is beyond the scope of this analysis; it is not a trivial 
task for weather dependent systems or for those that degrade with time. An hourly simulation over both the buildup 
period (called the increment to capacity period in [Borden 1980)) and the first of the repetitive system energy pro- 
duction cycles may be necessary. The following discussion is given to aid in the use of the results of such simula- 
tions; much of it would not be needed for weather independent systems which do not experience performance 
degradation. 

The net electrical energy is thus assumed to vary with time as follows: 

Ee t for* <* o 

(13) 

Ei} for t > f + 1 

m o 


Time at which the system starts full capacity operation. (Note that t Q could be zero if there were no 
increments to capacity, or it could be very large if there were no repetitive energy generation cycle.) 

Net electrical energy produced by the system 11 during the first year of capacity operation, expressed 
in kWh. (If the possibility of devitalization” is to be ignored, so that t is very large, some other year 
could be used to characterize the system’s nominal output. Development of this approach is left as an 
exercise for the interested reader.) 

Net electrical energy produced by the system in year t during the period of building up to capacity 
operation, expressed as a fraction of initial full-capacity output, £. 

» 

Relative performance, the net electrical energy produced by the system during the m-th year into a 
repetition of the ful!<apacity system energy production cycle, expressed as a fraction (or multiple) of 
the initial full-capacity output, £. 

The index m is defined by the equation 


£ = 


where 


E = 


e. = 




m = LX frac [(f- t o )/L] 


(14) 


9 

This period of building up to capacity could, of course, be absent. 

*®lt is recognized that the actual replacement scenario may not match this assumption. This scenario, however, should give a reason- 
ably accurate formulation, and introduces the system revitalization period explicitly into the model. The effects of changes in the 
expected value of the energy collection component lifetime may be readily assessed by this scenario. The model does not depend 
on the validity of this scenario - the user may, if he wishes to supply sufficient data, define a system revitalization period so 
large that even the residual system value is unaffected by “revitalization** of the system. 

1 *It should be noted, both here and particularly in the calculation of the value of electrical energy sold back to the grid, that trans- 
mission losses should be considered properly. “Proper consideration** depends upon how this analysis is being used. 
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where 


frac(A) * The fractional part of A . 

L = System “revitalization” period, the length of the repetitive energy production cycle, expressed in 
years. 

The annual energy produced by a solar energy system depends upon the local intensity of solar radiation, the 
installed area of solar collectors, and the system efficiency. Solar radiation depends upon location, time of year, and 
weather. The collector area depends upon how much of the system has been installed and is operating. System 
efficiency depends upon array pointing, cell temperatures, performance degradation (due to such factors as dirt 
accumulation, encapsulant yellowing, cell cracking, etc.), electrical losses, parasitic power requirements, replacement 
policies, and so on. 

The annual net energy produced by a solar electric system can be estimated by Equation (IS): 




S t Z ,< 


wnere 


(15) 


S f - Total solar energy incident on the system during year f , expressed in kWh/kWp (which reduces to the 
rather obscure - in this context - unit hours). It should be noted that the value of this datum depends 
on the system design, as well as on location, because systems differ in their ability to use diffuse 
insolation (in addition to direct insolation). The value does not, however, depend on the area or the 
efficiency of the system. 

Z f = Average nameplate size of the system in year f, expressed in kWp. It may be noted that the use of the 
product of S t and Z f to represent the solar energy input to the system allows the system size to be 
expressed in terms of nameplate capacity, rather than area, imposing only the constraint that the same 
(perhaps rather arbitrary) definition of the insolation level required to produce one Wp be applied in 
determining both quantities. 

tj' = Average system efficiency, due to the combined effect of all factors, in year t. 


Comparison of Equations ( 1 3), 11-1 1 , and (IS) shows that 

e, = S t Z t n'jE for t<t Q (16) 

E = SZn (17) 

v m = (S t v t )KSn) forr o + i<r<r o +z. m = t-t o (18) 

where 

S - Total solar energy incident on the system in year t - 0, expressed in kWh/kWp. 

Z - Nameplate size of the system at capacity, expressed in kWp. 
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i} = Average system efficiency (i)') during the first year of full-capacity operation (that is, for t in the range 
0 - 

Note that Equation (18) places a constraint on application of the methodology with monthly resolution: If the 
revitalization period does not correspond to an integral number of years, the degradation pattern would get out of 
synchronization with the insolation pattern. This lade of synchronization does not occur until t reaches t o + L + 1; 
even then the impact on estimated energy production should not be large. 

3.3 Life Cycle Revenues and Residual System Benefit 

The year-by-year financial benefits from the system can be obtained by substituting the energy price equations 
(Equations (12), 11-10) and the energy production equations (Equations (13), 11-11) into the benefit equation 
(Equation (10), 11-9). The result of these substitutions is: 


Bene # , 3 {[(1 -a,) P +<y>l (1 +*,)'-‘ /2 +o,^( 1 +g,) , -‘ /2 } %Ee f forKr, (19) 

Benefa t 3 {[(1 -o f )f > +a ( p] (1 +g e Y~ il2 +o f ^( 1 +g J ) ,_,/2 } E r? m for t> t 0 (20) 

where m is defined by Equation (14), Il-l 1. 

These benefit equations may now be substituted into the life cycle revenue Equation (S), 11-6, and the benefit 
part of the residual system value Equation (7), 11-6, to obtain, after defining some summary variables. 


REV = [(1 -o)Pspm + ap tpm + o&bpm] E 

RSB = ((1 - o)Prspm + aprtpm + o&rbpm ] E 

BENEFIT 3 REV +RSB 3 ((1 -o)Pspm v +ap tpm v + o&bpm v ) E 


( 21 ) 

( 22 ) 

(23) 


where 

o 3 Fraction of system-produced electrical energy which is sold back to the utility in the 

first year of full capacity operation (r Q < f < r Q + 1). Note that when o f = 0 for all 
r, the third term in Equations (21) to (23) need not be evaluated; when o 3 1 for all 
r, the first term may be omitted. (See also the discussion of a, on II-9.) 

a 3 Value of system-produced thermal energy in the first year of full capacity operation 

< t < t a + 1). (See also the discussion of a t , 11-9.) 

spm = System energy price multiplier, a factor which accounts for the effects of changes in 

system capacity and performance and the discounting of escalating financial benefits 
during the system lifetime. See Equation (29), 1I-1S. 
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rspm • System energy price multiplier for the ("residual”) period after the system lifetime. 

See Equation (30), 11*16. 

spm v * System energy price multiplier both during and after the system lifetime. This factor 

is the sum of spm and npm, but it can be expressed more simply: see Equation (31), 
11*16. 

tpm,rtpm, tpm v = Thermal energy price multipliers, factors which account for the effects of changes 
in thermal energy production and the discounting of escalating financial benefits 
during, after, and (hiring and after the system lifetime, respectively. See Equations 
(32), (33), (34), U-17 and 11*18. 


bpm, rbpm, bpm v - SeUback energy price multipliers during, after, and during and after the system life- 
time. See Equations (35), (36), (37), 11*18 and 11*19. 


The energy price multipliers are conceptually simple, but their defining equations are somewhat complicated. 
IfA r <r o (that is, if the nameplate size of the system changes throughout the system lifetime), 



if cv 6 1 


ifo* 1 


where 


(24) 


<t> e = the relative inflation (or, as economists would say, the real escalation) of energy prices from 

the base year, Y b , to the start of system operation, r * 0. 


If N > t o (construction is completed before the end of the system lifetime), which will usually be the case, there 
are three time periods of interest: the build-up to capacity, the completed energy production cycles, and the partial 
cycle to the end of the system life. Thus, provided o # 1 , first calculate the number of completed cycles, 


« = int {(N-t 0 )/L\-\ 


(25) 


where 


int (A) • the integer part of A. 


( 26 ) 
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spm * 




■t t, m m) 


♦ <f-l)L+m 


N-(t 0 +nL) 


5 G3fJ G3 


If n • 0, the summation on f is to be omitted. That summation, incidentally, can be simplified. 12 Omitting the 
intermediate algebra, and incorporating Equation (24), 11>14, the system energy price multiplier during the system 
lifetime can be expressed as follows: 

If o » 1, spm » 0. 

If a * 1 and N < t 0 , with R f - (1 +j # )/( 1 +*), 


spm ■ 0 




Ifo * 1 and N > t o , with n*tnt (( N-t 0 )IL)\ - 1, 

tpm - ♦,(! *t,r m || ( 777 )*; e . 


. k \ ■ - / *• 


N-{t 0 +nL) 1 


Series number 2 in (Jolley 1961 ) is 


tf ♦ + ♦ . . . n terms * 









The thermal energy price multipliers are Jut like the system energy price multipliers, except that a, and o 
replace (1 - o,) and (1 - o): 



( 33 ) 



If a ■ 0, 
tpm ¥ » 0. 
lfa*0, 

tpm„ • ♦, (1 ♦g # )‘ ,/a {2 — R, t *, 
(»■»# 0 


R,° * V tm 

♦— — E 


Also, the sellback energy price multipaert tie just like the system energy price multipliers, except that the 
sellback price escalation rate must replace the energy price escalation rate, as well as the seDback fraction replacing 
its complement. Thus, 


Ifo - 0, 
bpm m 0. 

Ifo * 0 and TV < t 0 , 
with*, - and R t - (1 ♦ *,)/(! ♦ *), 


bpm • *,(1 *g t T lli £ — e t 


If 0 * 0 and TV > t a . 


0 0 

bpm « *,(1 ♦ g,)' l/J 2 ~ R, t e t 


R[° (1 - R* L ) l °>*m 

— T £ -V- *T v 


«r 


o 







4. COSTS 


System costs ve of five basic types: 

(1) Repayment of capital used to purchase capital goods: 

REP t * Amount of equity principal returned in year r, expressed in 
PDR t ■ Amount of debt retimd in year r, expressed in J ( . 

(2) Payment of a reasonable return on investment: 

EQR t * Amount of return paid to holders of equity in year r, expressed in J ( . 

/AT, * Amount of interest paid on debt in year t, expressed in $ ( . 

(3) Payment of increased (or decreased) income taxes: 

TAX' * Amount of additional (over those which would be paid without the system under consideration) 
state and federal income taxes paid in year r, expressed in $ f 

RSL f * Gain from resale 1 i of the system in year r, expressed in This gain enters the cost equation as a 
negative term, because it results from selling the system at market value at the end of the 
investment lifetime, and produces a receipt. 

(4) Payment of expenses that result from the presence of capital goods: 

OT . V = Other (than income) taxes (primarily property taxes) in year t, expressed in $,. 

INS' - Insurance premiums for year t, expressed in $,. 

(5) Payment of expenses for operations, maintenance, fuel, etc.: 

.V, * Operating expenses in year t, expressed in I,. 

Adding up all of these costs gives the following expression for the annual cost: 

Gut' = REP' * PDR f + EQR f + /AT, + TAX f - RSL t + OTX f + INS ( + -V, (38) 

It should be noted that the actual purchase costs of capital goods are not explicitly included in Equation (38). It 
is assumed that capita! goods are purchased with funds from equity investment and debt financing: Financial 
benefits (that is, explicit or implicit revenues) are not required to purchase capital goods, but they must cover equity 
and debt repayment (as well as return on equity and interest on debt), in addition to the costs of operating the 


1 3 A case could be nude for calling RSI. t a financial bane fit, rather than a colt. The rationale for considering it as a negative cost is 
that it is not a result of what the system is designed to dlo. but that It is the result of a financial manipulation involving the system. 
It is included as a cost of type ()), along with income taxes, because it is primarily the deductibility of deprcciaUon (especially 
accelerated depreciation) that may nuke resale financially desirable. (Inflation increases its desirability.) 
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system. Thus, from the point of view of sn investor. Investment in the system under consideration may be thought 
of as a “financial machine" which converts Investment cash flow streams Into repayment cash flow streams. As will 
be seen in later sections, most of the cost components do depend on the amount of capital Investment. 

By way of comparison, the USES model indudes capital investment as a cost (negative cash flow) and balances 
this by including equity investment (stock sales) and debt financing (bond sales) as benefits (positive cash flows). 
This is equivalent to the current model, because USES assumes that the amount of investment is equal (in a present 
value sense) to the combined revenue from stock sales and bond sales. 

4.1. Capadty Credits and Fuel Savings Credits 

Equation (38) allows for a reduction in costs that might occur when the proposed system reduces the need for 
conventional or alternative energy generation. The cost reductions are in the form of displaced or deferred capital 
investment (capadty credit) and avoided system operating expenses. The avoided operating expenses can indude 
fuel (fuel savings credit), operations, maintenance, etc. 

Credits for avoided operating expenses can be entered into the model as negative expenses through the X ( term 
in Equation (38). 

Capadty credits can be viewed as negative capital investments. To indude a capadty credit in the model, the 
full effect of a negative capital investment on cost must be entered. To do this, the method of financing and the 
book and tax depreciation schedules that would have been used must be detailed. Then the appropriate capital cost 
multipliers can be calculated for the displaced capital investments. 

The capacity credits and fuel savings credits resulting from the displacement of expenditures on alternative 
energy generation equipment apply only if the system under consideration is evaluated by itself. If the alternative 
system design is also to be evaluated, and the resultant energy prices are to be compared, then these credits are not 
relevant, as they are intended to account for the difference. These credits would also not be relevant if there is no 
alternative system. Three examples to illustrate these points follow: 

First example: Suppose a utility is considering adding capacity to its present plant to provide additional 
capacity in the face of a growing demand. One alternative might be to add 100 MWe of coal burning generators: the 
solar electric option might be 10 MWe of gas turbines plus ISO MWp of photovoltaics. (To make the comparison 
meaningful, both alternatives must be sized to provide the same level of service, which might be measured by the 
“loss of load probability” or by some other figure of merit.) Then, if the solar (plus gas turbine) system is priced by 
itself, the capital required for the 100 MWe coal plant may be taken as a <• opacity credit, and the cost of the coal 
that that plant would use may be taken as a fuel savings credit . The resultant price would be compared to the price 
of energy from the utility’s current plant: a lower price for the solar system would indicate that the “solar plus gas 
turbine plus existing” option is cheaper than the “coal plus existing" option. On the other hand, the analyst may 
calculate a price for “solar plus gas plus existing” and a price for “coal plus existing"; in this case, the capacity credit 
and fuel savings credit would be “ j 'uble counted” if they were included. 

Second example. A solar (subsystem might be added to an existing plant, allowing the decommissioning of 
some existing equipment (while still providing the same performance) and/or allowing the utility to utilize less fuel. 
Then the capital that can be recovered by the decommissioning (if any) provides the capacity credit, and the 
reduction (if any) in fuel utilized provides the fuel savings credit. 
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Third example: Suppose a company it considering installing a photovoltaic system to supply part of its electrical 
and thermal energy needs. The photovoltaic system will not be connected to the grid, so no electricity will be sold 
back to the utility. However, any needs that the photovoltaic system cannot meet will be purchased from the 
electric and gas utilities. In this scenario, the capacity credit and either the fuel savings credit or the thermal credit 
(but not both) would be zero. Any effects that the company's reduced demand would have on retail electricity and 
gas prices would have to be dealt with exogenously or by modeling the larger system that includes the utilities. 

4.2. Capital Investment 

Funds for capital investment are assumed to be supplied by equity investment and debt financing, not by 
revenue from system energy generation. However, this statement, while true, can be misleading, for almost all of the 
cost components in Equation (38), 11-20, are directly dependent on capital expenditures. 

It is assumed that each kind of capital good has a known, deterministic lifetime, L jt at the end of which it is 
replaced. Furthermore, some of the capital must be supplied quite a while before the start of system operation. 
Capital costs are assumed to grow at the rate of capital escalation. In some cases, replacement costs will be different 
than initial costs due to significant installation differences, and, possibly, due to differences in construction 
contingency allowances that must be made. Thus, 

Cl, « ZjCI,, (39) 

| C, 4» f (1 +g c )'/ for f = r y 

a /t = { (40) 

(c^o+^yu+V for *-*/ + V/ +2 V" 

where 

CI ( = Capital investment at time /, expressed in $ t . 

CJj ( = Capital investment at time t in capital goods of type /, expressed in $ t . The upper expression in 
Equation (40) applies to the initial installation, which occurs at t » fy. The lower expression applies 
each time that capital good is replaced, which occurs at intervals of L ^ 

Cj - Purchase cost of capital goods of type /, expressed in This cost includes any allowance for 
construction contingencies that may be necessary (perhaps due partially to unfamiliarity among the 
construction trades with special handling required for this particular kind of hardware). 

6^ = Additional cost of replacement of capital goods of type /, expressed as a fraction of the capital cost at 

initial installation. This difference may be positive as might be the case if roof credits (see below) were 
claimed during initial installation, or it might be negative, as would be the case if the initial installation 
included a significant allowance for contingency costs. (Zero is also an acceptable value.) 

* Time at which funds for capital goods of type / must fust be expended, expressed in years. 

L j s Lifetime (i.e., replacement period) of capital goods of type /, expressed in years. 
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4.2.1. Roof Credits 


If any of the system components are designed to be pert of some capital structure that would he built even if 
the system under consideration were not, then only the additional cost due to installation of the system should be 
charged to the system. (For example, if the energy collection components also serve as a residential roof covering, 
the appropriate cost to use is any excess over the coat of the conventional roof that would have been installed 
instead.) If the system component has the same lifetime as the structure that it supplants, the C, in Equation (40) 
\ should simply be reduced in magnitude. If lifetimes are different, however, a capital category should be created for 

the supplanted capital good, and it should be included in the summation of Equation (39) with a negative capital 
cost ( 9 . 

4.2.2. Initial Capital 

The initial cost of the system is somewhat difficult to define precisely, since the capital requirements may occur 
at different times. The liquidity requirement, discussed in Section 7.2, 11-67, is a more meaningful measure of the 
funding that the owner must have in order to pursue the investment opportunity. 

Nevertheless, the initial capital cost can be a useful measure of the state of the art, particularly if a broadened 
definition of “operations and maintenance" cost is added to the presentation. For this purpose, the simplest 
definition is 

(41) 

where 

A = Initial system capital, expressed in base year dollars per unit of nameplate size (that is, in i 6 /kWp). 

Z = Nameplate size of the system at full capacity, expressed in peak kilowatts 11-1 2. 

The broadened operations and maintenance cost is defined so that it accounts for everything else. This is, 

NPV = (K *K)2 (42) 

where 

SPY - Net present value of the system, expressed in base year dollars 11-3. 

K - Equivalent initial system non-capital cost, expressed in base year dollars per unit of nameplate size 
(that is, kWp). This is the broadened operations and maintenance cost term. 

Equation (42) may be easily solved to give 





Another definition of initial capital cost nay be needed for tax purposes (note the similarity to, but difference 
from, Equation (39), 11-22): 

PUR = 2, a itj (44) 

where 

PUR * Purchase price of the system, expressed in nominal dollars of mixed vintage. 


4.2.3. Capital Valuation and Depreciation 

The value of capital goods changes over time as a result of wearout, obsolescence, inflation, and other factors. 
These changes are approximated by use of depredation schedules. Often, two, sometimes three, legally acceptable 
sets of books are kept, side by side: one for investors’ accounting, two for tax purposes. All of the analytically 
tractable schedules can also be expressed by equations, as h done in Appendix C. The relationship between capital 
investment and valuation is given by 

VAL it = CIi t sch(T-t,DLj,Pf,6j) for T « f,f + l,r + 2, ... (45) 

where 

VAL - Investors' accounting book value (BVALj T ) or tax book value based on accelerated 

,T depreciation (TVAL/ T ) or tax book value based on straight line depreciation ( STVAL jT ) at 

time T, expressed in $ T , of capital goods of type /, purchased at time t. These values are often 
quite different due to the use of shortened tax lives and accelerated depreciation methods. 

sch(AJ)L % p.J)) - Schedule function for the depreciating value of capital of age A when the depreciable life is 
DL, the depreciation method is ju, and the salvage value fraction is 0, expressed as a fraction of 
the initial value. Schedule functions and related quantities are discussed in detail in Appendix B. 

DL f * Depreciable lifetime of capital goods of type /, expressed in years. Lifetimes used in the tax 

books may be shorter than those used in the investors' accounting books, which will normally 
be equal to L f , the expected useful life. 

^ s Depreciation method to be used for capital goods of type j (Appendix B), which may be 

different for the accounting books than for the tax books. 

0 . * Salvage value of goods of type / at the end of their lifetime, expressed as a fraction of 

purchase cost (that is, in $, per J r ). 

Two characteristics of depreciation are of interest: (1) current value, and (2) change in value during the 
preceding year. The first is needed for use in computation of expenses that depend on depreciated value, such as 
property taxes and return on equity. The second is needed to determine the legally acceptable estimate of the 
depreciation “expense" that can be deducted from taxable revenue on the system owner’s income tax return, and to 
determine the payments for return of equity principal. 
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The schedule function defined above gives the current value of capital goods for each year in the lifetime of the 
goods. The change in value from year to year is described by the depreciation function. The depreciation function 
for a capital asset can be defined in terms of the schedule function for each year after the initial purchase as: 

dep(A t L,p,0) ■ sch(A - 1 ,L,n,0) - sch(A,L,p,8) (46) 

where 

dep(A, L,p,8) = Depreciation function, the change in value of capital during the preceding year, where the 
capital good is of age A out of a depreciable life of L, the depreciation method is p, and the 
salvage value fraction is 0, expressed as a fraction of the initial value. Depreciation functions 
and related quantities are discussed in detail in Appendix B. 


Then, 

DEP„ * CI ft dep(T- t.DL^q.d,) for T=t + 1, r + 2,... 


(47) 


where 

DEP jT = Book depreciation ( BDEP fT ) or tax depreciation ( TDEPj T ) during year T, expressed in $ T , of capital 
goods of type / purchased at time t. Book and tax depreciation are often quite different due to use of 
shortened tax lives and “accelerated” depreciation methods. (Appendix B.) 

Total system values and depreciations are obtained by summation over the different kinds of capital goods: 


BVAL t = IfBVAL,, 

(48) 

STVAL, = S ,STVAL jt 

(49) 

TVAL , = £ y TVAL„ 

(50) 

BDEP, = 2, BDEP„ 

(51) 

TDEP, = £ ; TDEP it 

(52) 


It should be noted that if the owner of the system is a utility, current laws require that the same tax lives 
and depreciation methods be used for the tax and accounting books. This fact has not been built into the 
current model as a constraint in order to allow the option of evaluating alternative laws. The user of the 
methodology, however, should take care to satisfy the constraint when it is applicable. 


The price for which the system can be sold will be needed in the evaluation of the use of investment in the 
system as a tax shelter. Since that price is a market-determined number, and therefore subject to such unmodelable 
factors as fashion, the uncertainty in any model must be large. It is recommended that the user of OMEGA specify 
its value. 


RSLj-h = exogenous. 


(53) 
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where 


RSL , « The price at which the system could be resold at time t, expressed in $,. 

If, however, the user would rather not do so, a reasonable estimate can be provided by assuming book depreciation 
inflated by the rate of general inflation: 

RSL’, - IfBVALf, ( 1 +g t ) ,r ‘l (54) 

Another reasonable estimate could be provided by assuming that the system can be resold for its residual system 
value: 

RSL',z N * RSF (55) 

Whether the resale price is obtained from Equation (53), (54), or (55), the resale revenue is defined by 

1 RSL' n if / = N 

(56) 

0 if t f N 


where 

RSL, = Revenue from resale of the system at time /, expressed in 
43 INCOME TAXES 

The income tax term can be eliminated from Equation (38), 11*20, by expressing it in terms of revenues and 
costs. First, note that 

TAX, tSTI, - ITC, - STC, (57) 

where 

r = System owner’s marginal tax rate, which is assumed to be unaffected by investment in the system under 
consideration, expressed as a fraction of taxable income. 

ST/, * System-resultant effect on the owner’s taxable income in year r, expressed in $,. 

ITC , = Investment tax credit available to the system owner due to initial and replacement capital investments in 
system components in year r, expressed in $,. 

STC,- Special solar tax credit available to the system owner due to initial (but not replacement) capital 
investments in solar energy system components in year r, expressed in $,. 

The effect of system ownership on taxable income depends on the owner’s financial environment, and is 
discussed in the next three subsections. 
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4.3.1 Resale Of The System - A Possible Tix Shelter 

If depreciation it deductible, which it allowable to whatever fraction of the tyatcm’t operation contributes to 
taxable income, and the system owner sells the system for an amount which exceeds its depreciated value, the 
difference between the selling price and the depreciated value is subject to taxation. 

The way in which this difference contributes to taxable income, S77 f , however, is quite complicated: part of it 
is considered to be ordinary Income ; the rest of it, if any, is considered to be a capital gain, which is taxed as if it 
were a smaller amount of ordinary income. The system owner benefits considerably from the deductibility of 
depreciation, but he benefits from the portion of the resale gain that is taxed as ordinary income only due to the 
time value of money - that is, income tax on the “recovered** portion of depreciation is deferred from the time it is 
taken as depreciation until the time the system is sold. The system owner benefits from the portion taxed as a 
capital gain in that way and, more importantly, by the fact that taxes on the untaxed portion of the capital gain are 
deferred forever! To illustrate the significance of these points, consider the following three examples. 

Common to all three examples: Suppose an investor buys a solar energy system for $10,100 in 1980. Suppose 
the resale value of that system decreases linearly to $100 in 1990 when expressed in 1980 dollars, but that 10% 
inflation increases the resale value when expressed in nominal dollars. Suppose further that the investor’s discount 
rate is 13% per year and his marginal income tax rate is 35%. The following table shows the year by year resale 
values (and summarizes the results of the three examples): 


Year 

Resale Value 

In 1980 $ In Nominal $ 

Example 1 

(Partial) Net Present Value 

Example 2 Example 3 

Improvement Improvement 

over Example 1 over Example 2 

1980 

10,100.00 

10,100.00 

0.00 

0.00 

0.00 

1981 

9,100.00 

10,010.00 

-1,241.59 

27.87 

140.93 

1982 

8,100.00 

9,801.00 

-2,424.38 

117.58 

233.13 

1983 

7,100.00 

9,450.10 

-3,550.61 

256.34 

235.03 

1984 

6,100.00 

8,931.01 

-4,622.44 

433.35 

303.86 

1985 

5,100.00 

8,213.60 

-5,641.99 

639.55 

295.74 

1986 

4,100.00 

7,263.40 

-6,611.25 

867.34 

265.90 

1987 

3,100.00 

6,041.02 

-7,732.20 

1,110.37 

218.77 

1988 

2,100.00 

4^01.54 

-8,406.70 

1,363.39 

158.09 

1989 

1,100.00 

2,593.74 

-9.236.58 

1,622.04 

87.02 

1990 

100.00 

259.37 

- 10.023.59 

1.882.76 

8.22 


Example 1 : No depreciation. If the investor is a consumer and operates the system as a stand-alone system (that 
is, he sells no electricity to the grid), he may not deduct depreciation from his taxable income. The net present value 
of the investment (ignoring the financial benefits and all expenses that are common to all of the scenarios in these 
examples,- that is, considering only the effects of resale, depreciation, and capital gains) with resale in year / is 
simply the discounted value of the resale price minus the initial purchase price, and is shown in the above table. (In 
an analysis of all benefits and costs, these negative values are balanced, at least to some extent, by the system energy 
production. The full complexity is omitted here to illustrate the tax shelter effect.) 

Example 2: Depreciation but no capital gains. If the investor sells all of the energy produced, he may deduct 
depreciation (of $1000 each year if he using the “straight-line** method) from his taxable income, thereby saving 
$350 each year. However, what he sells the system, he must pay 35% of the difference between the resale price and 


11-27 



the depreciated value. These calculations are drown In the following table, and the net effect is shown tar the 
above table: 


Year 

Depreciation 

Discounted 
Tax Savings 
Due to Deprec. 

Cumulative 
Discounted 
Tax Savings 

Taxable Income 
If Resold 
This Year 

Present Value 
of Tax on 
Resale Income 

1980 



0 j 00 

0.00 

0.00 

0.00 

1981 

1,000.00 

309.73 

309.73 

910.00 

-281.86 

1982 

1,000.00 

274.10 

583.83 

1,70100 

-466.25 

1983 

1,000.00 

242.57 

826.40 

2350.10 

-570.06 

1984 

1,000.00 

214.66 

1,041.06 

203101 

-607.71 

1985 

1,000.00 

189.97 

1,231.03 

3,113.60 

-591.48 

1986 

1,000.00 

168.11 

1,399.14 

3,16? .40 

-531.80 

1987 

1,000.00 

148.77 

1,54751 

254102 

-437.54 

1988 

1,000.00 

131.66 

1,679.57 

2,401.54 

-316.18 

1989 

1,000.00 

116.51 

1.796 J 08 

1,493.74 

-174.04 

1990 

1,000.00 

103.11 

1,899.19 

15937 

- 16.43 


Example 3: Capital gains. Suppose that all of the resale revenue in excess of the depreciated value is taxable as 
capital gains, rather than as ordinary income. Suppose further that the fraction of capital gains which is added to 
taxable income is one-half. 14 Then the two right-hand columns in the previous table would be halved, which 
produces the “Example 3“ column in the table before that. 

In these examples the benefits of depredation seem to outweigh the benefits of the capital gains tax shelter, so 
that the “smart investor” would retain the system if the investment were properly described by the chosen 
numerical values of parameters. This is not necessarily the case, however, for the investor could use the resale 
revenues to purchase another system. It is not the intent of this analysis to investigate the optimal investment 
strategy ; it does however, provide the information necessary to such an investigation. 

The contribution of resale revenues to taxable income is described by the following equation: 
j ra? f + o; r if t*N 

RTI, « ] (58) 

(o if tfN 

where 

RTl t * Contribution of revenues from resale of the system to taxable income in year t, expressed in $,. 

r » Capital gains fraction, the fraction of capital gains which is added to taxable income. 


>4 “Onc-hair' u used for simplicity in exposition Currently, • consumer would be taxed on 40% of the capital gain; a company 
would pay 28% of the capital gain at (federal) Income tax. Since companiet with taxable income in excess of $100,000 pay a 46% 
marginal (federal) income tax rate, the effective fraction is 28%/46% ■ 61%. (Of course, the actual taxation algorithm is not that 
simple.) 
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OG, ■ The portion of the revenues obtained from male of the syitem at time t which would be designated a 
capital gain, expressed In 

01, • The portion of the revenues obtained from resale of the system at time t which would be designated 
ordinary income, expressed in $,. 


The way in which the resale revenues are apportioned Into capital gains and ordinary income is rather 
complicated. For example, if the system is considered to be "Section 1 245 property.” 11 then 

01, « RF[min(RSL,,PUR) - TVAL,) (59) 

where 

RF • Fraction of depreciation which is to be "recovered” 16 * 1 .0. 

* The smaller of a or h. 

TVAL, - Depreciated value (on the tax books) of the system at time t, expressed in 

If, on the other hand, the system is considered to be, for example, part of the homeowner’s house (which might 
make it “Section 1250 property”): 

01, - RF[min{RSL,, STVAL,) - TVAL,] (60) 

where 

STVAL, * Depreciated value (on the straight-line tax books) of the system at time t, expressed in $,. 

Equations (59) and (60) can be combined into a single expression by introducing a new index variable, p: 


01, -RF {min [RSL„pPUR +(1 - p) STVAL,] - TVAL, ) 


( 61 ) 


where 


P 


0 If only accelerated depreciation in excess of decrease of market value is to be recovered. (“Section 
1250 property”) 

1 if all depreciation in excess of decrease in market value is to be recovered. (“Section 1245 property”) 


ls <Thr interfiled reader should consult a tax lawyer or a tax accountant before making any decisions baaed on the legal interpreta- 
tion! offered here.) “Section 1245 property” is depreciable property which has been held more than 12 months and “which is. . . 
used as an integral part of. . |the|. . .furnishing of. . .electrical energy” (Tax Guide 1980, paragraph 989). “Section 1250 
property" is all other depreciable property herd 'note than 12 months (Tax Guide 1980. paragraph 990) . 

While it is difficult to see how a system of the type under consideration in this document could be classified as anything other 
than "Section 1245 property,” classification as "Section 1250 property" would increase the attractiveness of investment, perhaps 
considerably. Such a classification, then, might be made to provide an investment incentive. 

**lf the property it held longer than 100 months, some of the amount that would be treated as ordinary income will be treated as 
capital gains. Thu refinement it ignored. 


11-29 



Once the “ordinary income” portion hu been determined, the tact b “capital frits": 


CG, - RSL, - TVAL, - 01, (62) 

4.3.2 A Company-Owned Syetem 

If a utility owns the system, aQ of the financial benefit* contribute to taxable income. Electrical energy 
produced by the system b aokt (at the retail price, not the normative lyctem energy price) to the utility’i customers, 
thereby generating taxable revenue*, liable thermal energy reduces deductible expenses (perhaps by heating or 
cooling the control building, perhaps by ( preheating the water in the utility’s conventional steam turbines, etc.), 
thereby increasing the taxable income. The “seDbsck” revenue term b retained because any “excess” energy might 
be sold (“wheeled,” in utility jargon) to another utility (in which case, the settback price n should be based on 
an analysis of both utilities), stored for later use (in which case, the seUback price b the product of the retail price 
and all of the storage-destorage efficiencies), or dumped (in which cue the seUback price is zero - or perhaps even 
negative if dumping of excess electrical energy is not free). 


If a non-utility business owns the system, the effect on taxable income b the same, because utilities and busi- 
nesses face the same" tax environment (that which applies to corporation). The electrical energy produced by 
the system does not necessarily create revenues, but it reduces deductible expenses, which has the same effect. 


The effect on taxable income also includes allowable deductions and the possible gain from resale of the system. 
Thus, from the financial benefit Equation (10), 11-9, deductible components from the annual cost Equation (3d). 
11-20. the resale contribution to taxable income, and the tax depreciation, the system-resultant effect on taxable 
income b giver, by: 


ST/, » [(l-o,)p, + a,p,+ o,&,\ 


E, + RT1,- (TDEP, + /AT, + OTX, + /NS, * X , ) 


(63) 


where all of the terms have already been defined. 

Using the income tax Equation (57). 11-26, and Equation (63) for the effect on taxable income, the TAX, term 
may be removed from the annual cost Equation (38), 11-20, to give the year by year cost for a company-owned 
system: 

Cost, • EQR, + r ((1 - a,)p, + a, p, + o,&,\ E, + [REP, +PDR, - RSL, - r (TDEP, - RT1, )] 

- (ITC, + STC,) + (1 - r) [/NT, + OTX, + /NS, + X,\ (64) 


Inspection of this equation reveals that the cost b the sum of 

(1) A return to the equity investors (that b, the stockholders) for the use of their money, EQR,. Although thb 
term appears first in the above equation, it bears essentially all of the risk in the real world, for it b 
computed last. 


"in OMi'CA, the seUback price u always etogenous (that it. specified as input). 

"It may be. however, that a solar energy system owned by a utility would be classed a* electrical feneration equipment (‘"Section 
1 24S property**) so that p (11-29) * 1). while the same system owned by a non-utility would be classed as real estate (“Section 
1 250 property”, so that p * 0). 
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(2) The government's share of the financial benefits, r (( 1 - o r )p, ♦ o, p ( ♦ o, \ E r 

(3) Payment for the capital goods, consisting c r 

(A) A return of equity investment corresponding to the teal reduction in their value as they wear out, 
REP r 

(B) Repayment of loans by which the capital goods weie purchased, PDR t . 

(C) A receipt due to resale of the entire system, (- RSL t ). 

(D) A government contribution to cost of capital goods, [- r (TDEP f - A77 f )] . In a sense, the existence of 
this term makes the government an investor in the system, just as the stockholders are; the 
government's return on that investment is its share of the financial benefits minus its contribution to 
the operating expenses, (- r) [lNT f * OTX f + INS, * Jf f ] . Curiously enough, the government's rate of 
return on investment does not depend (to first order - the tax rate is assumed constant) on the tax 
rate, r. 

(E) Government subsidies (transfer payments from all taxpayers to investors in capital goods) designed to 
encourage investment in capital equipment, (-ITC t ), and in solar energy generation equipment, 
i'STC t ). 

(4) Payment of the operating expenses, [INT, + OTX f + INS t + -VJ. 

4.3.3 A Consumer-Owned System 

If a consumer owns the system, the tax environment is quite different. All electrical and thermal energy that is 
supplied directly to the consumer, without being sold to the utility, (1 - o f )£f r , reduces the electric bill (and possibly 
the gas, fuel oil, and/or coal bill, as well) but has no effect on taxable income, since these expenses are not 
deductible on personal income tax returns. Any sellback revenues are taxable, but all expenses, including 
depreciation associated with producing the taxable income are deductible. Consequently, the system-resultant effect 
on taxable income is given by: 

STl t • o t [&' E' +RTt f - (TDEP t + OTX , ♦ lNS f + JT f )J -/AT f (65) 

(Interest expense is deductible even if the consumer sells no energy.) 

Again, using the income tax Equation (57), 11-26, but noting the only a, of the investment tax credit msy be 
taken, and using Equation (65) for the effect on taxable income, the TAX, term may be removed from the annual 
cost Equation (38), 11-20, to give th t year-by-year cost for a consumer-owned system : 


Cost' 


£QR,+ TO'JP t E' + i 1 - r) INT' * l REP^PDR,- RSL f 


tO'(TDEP'-RTJ')] 


- {o, I7C'*STC') + (1 -tO') [ OTX, ♦ INS, * X, J 


( 66 ) 
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4.3.4 The Coat Equation 


By oompar*'4 the yesr-by-yaer coat aquation for a company-owned tyttem, Equation (64), 1140, and for a 
consumer-owned system, Equation (66), 11*31 , It may be seen that by judiciously choosing an indicator variable, m, 
a combined equation for the ytahby-yttr cost (for the three owner types considered here) may be written: 


Cost, ■ EQR, * r l« (I - O' ♦ a}p f * o ( 3° f ) E f 

♦ [REP, +PDR t - RSL f - r (w + (1 -u) o,) ( TDEP, - /?77 f )J 
- ((w + (1 -w) 0 t ) rrc t ♦ STC,)) +(1 - r)INT t 

♦ |l-r(w+(l-w)o f )J lOTX t +m t +X t ) 

where 

(I if the owner is a company (utility or non-utility) 
w ■ | 

( 0 if the owner is a consumer 


(67) 


4.4 Cost Components 

The next five subsections present models of the component terms of Equation (67). 

4.4.1 Capital Recovery 

An economically viable system must generate benefits of sufficient value to replenish equity investment and 
repay debt principal, in addition, the system must provide a reasonable rate of return on equity and pay the required 
interest on debt. However, the (discounted) coats of equity and debt repayment, return on equity, and interest on 
debt depend on the time schedule for the payments. For instance, in the usual case where a system owner's cost of 
capital is less than his rate of letum on equity, but greater than the interest rate on debt, it would increase the net 
present value of the system to repay the equity investment as soon as possible and to delay debt repayment as long 
as possible. It is assumed, however, that the timing decisions are made for other reasons; companies are assumed to 
operate with constant financial leverage, consumers to use mortgage-type financing. The detailed implications of 
these assumptions 10 will be brought out below. 


,0 Th* USKS mode) m* timed |Dmm 1976, pears 64 to 6-7) that equity and debt petnopel wet* repaid by contribution to * 
unking fund and that return on nmimat wu paid at the owner's discount rate. Since tbe capital recovery factor it identic il'v 
equal to the rum of thr discount rate and the Baking fond factor, the USES* annual repayment of principal w*t equal to the 
product of the present value of capital m ve t m e a t and the capital recovery factor. By the definition of the capiul recovery factor, 
thr present value of thk stream of repayment! a indeed the present value of capital investment However, while its present value u 
correct, the USES formula turn incorrectly apportions funds between repayment of investment and payment of return on 
Wheat mem* The present formulation corrects that error. 
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Regardless whether book depreciation is used for such special purposes as to provide protection against possible 
early obsolescence, it is generally accepted 20 accounting procedure to calculate the book value of equity so that the 
following equation is satisfied at all times: 

BVAL t • DVAL t +EVAL t ( 68 ) 

where 

HVAL f - Book value of capital investment 21 at time t, expressed in $ f . 

DVAL t = W 'e of the system debt at time t, expressed in $ f . 

EVAL f = Vaiue o f equity investment in the system at time t, expressed in $ ( . 

Another way of expressing this requirement is that the combined payments toward debt and equity principal 
must equal the book depreciation 22 , 

BDEP t = PDR t +REP f (69) 

where 

BDEP f = Book depreciation in year t, expressed in $ r 

The variation in book value (and the associated book depreciation) is determined (Equation (45), 11-24) by the 
capital investments and the depreciation schedule function. The variation in debt value is determined by the capital 
investments and the loan repayment schedule, which is discussed for different kinds of owners in the next two 
subsections. The information required for these calculations is obtained exogenously, so Equation (68) can be solved 
to obtain the equity portion of the total value: 

EVAL f = BVAL t -DVAL t (70) 

Furthermore, Equation (69) can be solved to obtain the annual return of equity principal: 

REP t = BDEP t -PDR t (71) 

In addition to repayment of loans and compensation for reductions in the value of equity, a reasonable 23 
(exogenously specified) return on investment must be paid to creditors and investors as long as their capital is in use. 


20 One purpose of this accounting convention is to provide a realistic measure of the market value of the equity-owned share of the 
assets. To the extent that the book valuation is designed to serve other purposes and to the extent that it does not account for 
inflation or for speculation, it does not achieve this purpose. 

2 1 It is assumed that there are no “in tangible" assets, such as “customer good-will,” associated with the system under consideration. 

2 2 The sinking fund approach of USES does not satisfy Equation (69). 

23 There is relatively little difficulty in determining an appropriate numerical value for the debt interest rate, but an appropriate 
numerical value for the rate of return on equity is more difficult to come by. For companies, the weighted average of reasonable 
rates of return associated with the various kinds of stock offered will suffice. For consumers, a reasonable rate of return is the 
opportunity cost - the rate that can be obtained on other long-term investments. 
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The general form of the equations for interest on debt and return on equity, which apply to all kinds of system 


owners, is 



/AT, - i 

a™,-, 

(72) 

b'QR t »r 

EVAL^ 

(73) 


where 

i ■ Debt interest rate, expressed in %/year, 
r * Required rate of return on equity, expressed in %/year. 

4.4.1. 1 Corporate Ownership 

If a utility or a non-utility company owns the system, it is assumed that company management policies maintain 
a constant relationship among the different financial instruments. Tint is, the financial leverage 14 is constant. 
Hence, 


DVAL , ■ (tt) bv ' al , 

(74) 

kVAL t *~BVAL t 

(75) 


where 

X E Financial leverage, the ratio of total capital to equity capital. The more familiar debt-to-equity ratio is 
given by (X- 1). 

The assumption of constant leverage implies that the debt and equity repayment portions of book depreciation 
are 


. ( A.-J.) gnu>, 

(70) 

RhJ> { « BDkP t 

(77) 


Tax depreciation, deductible ss an expense on the corporate income tax return, is obtained from Equation (52), 
11-25. 


14 ln lists, the symbols CfV, P '/f. D/V wet* used for common tlock infraction of total value, preferred stock as a fraction of total 
valur, and debt as a fraction of total value* respectively. These symbol* are related to the leverage, K* by 


r v 


l E 
v 
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From Equations (72) and (73), the returns on investment are given by 


INT, * / - 1 BVAL,., 

(78 

W, -J BVAl,., 

(79 


4.4.1. 2 Consumer Ownership 

Consumers (homeowners) are assumed to finance each capital investment separately with a mortgage type ol 
loan. The initial value of the equity portion of the investment is whatever the homeowner must provide as a down 
payment, the rest is debt. The homeowner makes a uniform payment each year 11 until the mortgage is paid off. Pan 
of the payment is interest on the loan, the rest reduces the loan balance, simultaneously increasing the equity value. 
Any decreases in equity value (which could happen if the book value declined faster than the loan balance) are 
repaid to the owner via the REP ( term. 

At time r, an investment in the amount of Cl j( is made in capital goods of type /. (Section 4.2, 11-22.) The 
mortgage taken out is 

MORT it = (l -e)C/ /f (80) 

where 

MORT jt = Mortgage taken out on capital goods of type /at timer, expressed in 3,. 

e - Down-payment fraction 26 , the portion of a capital improvement that lending institutions will not 

cover. 

The annual payment, wtiich is the same every year, is 

PAY jr = MORT iT crf. MP for !'• t + l,t + 2, . . . ,t +MP (81) 

where 

PA )' = Uniform annual payment (partially debt interest, the rest debt principal), expressed in $ r , on the 

mortgage taken out at time r. 

T = The dates of the payments resulting from the mortgage taken out at time t, expressed in years. 

I = Mortgage interest rate, expressed in %/year. 


;5 Moii)t4|tr payments are usually made monthly, rather than annually. However, the convention of annual cash How is retained fur 
consistency. Of course, as was noted on page ll-S. the cash flows can be converted to a nthly basis if desired. 

*®1 he numerical value of e will depend (in part) upon whether the system is new or retrojH construction. 
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MP * Mortgage period, expressed in years, not necessarily 27 assumed to be shorter than the componem 
lifetime. 

crf (MP * Capital recovery factor; the uniform periodic payment, as a fraction of the original principal, tha< 
will fully repay a loan (Including all interest) in MP periods at a periodic interest rate of i, witl 
interest on the unpaid balance compounded every period. 

The capital recovery factor [Doane 1976, p. B-14) is given by 


ji/ll -(1 +i)- MP \ 

if i* 0 


^ IMP ~ ) 


(82) 

( IIMP 

if i®0 


The mortgage payoff process is described by the following set of difference equations: 


DVAL jf » MORT jt 


(83) 

!NT ir = i DVAL i t _ { > 

| 

(84) 

PDR'T -PAY iT -lNT tT 

> for T = / + 1, r + 2, . . . , t + MP 

(85) 

DVAL-j, ~ DVAL j T _ x -PDR jT } 

1 

(86) 


These difference equations can be solved to give, for T as above. 


DVAL jr 

= MORT. ( , [erf IJiip -(l +i) T iff ljap ] 

(87) 

tm )v 

} 

I 

1 

S’ 

1 

if 

(88) 

PDR ir 

= MORT lt (\+if-'tff i ' MP 

(89) 


where 

DVAL- v 1ST ,., PDR jT are defined like DVAL f , lNT t , PDR f but for capital goods of type / bought at time r. 

sjf. Mp - Sinking fund factor; the uniform periodic payment, as a fraction of the final balance (ef the 
defmition of the capital recovery factor) that will accumulate (including all interest) in MP periods to 
that final balance at a periodic interest rate of i, with interest on the balance compounded every 
period. 


* 7 1 ending institution! might constrain this period to be leu than the expected lifetime (/./) of the capital goods tot type /> 
purchased, in which case MP might have to be subscripted by /. It ia likely, however, that the energy generation system and its 
components will be considered as part of the house, and paid for accordingly when installed as part of a newlv constructed house. 
Hctrofit installations, on the other hand, arc likely to be financed by mortgages whose periods arc more closely related to actual 
hlvttmcs of the equipment 
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The sinking fund factor equals the capital recovery factor minus the interest rate; explicitly, it may be calculated by 
[Doane 1976, p. B-S] : 




1 IMP 


if i * 0 
if i » 0 


(90) 


The cost components needed in Equation (67), 11-32, are obtained by summing over system components: 


PDR t = 1, PDR jT t (91) 

( r=r + l,/ + 2,...,r+MP 

INT t = 2 / /AT >r (92) 

where 

PDR jT is obtained from Equation (89). 

INT.j. is obtained from Equation (88). 

MORT. f is obtained from Equation (80), 11-33. 

The homeowner’s decrease in equity is determined from Equation (71), 11-33, which is repeated here as Equa- 
tion (93). 


REP t * BDEP t -PDR t (93) 

The value of equity is obtained by applying Equation (70), 11-33, repeated here as Equation (94). 

EVAL t - BVAL f -DVAL t (94) 

Finally, the return on equity is given by Equation (73), 11-34, repeated here as Equation (95). 

EQR t = r EVAL t , (95) 

4.4. 1.3. The Discount Rate 

The discount rate, denoted in this document by the symbol A, expresses the way in which the timing of a cash 
flow affects the value of that cash flow, and is essential to the calculation of present values. 

Determination of an appropriate value to use in a particular context may require a great deal of subtle analysis. 
In the present context of determining a normative price, the task is much simpler: only a reasonable estimate of the 
discount rate consistent with the other numerical values used is required, rather than an estimate of the discount rate 
that various kinds of owners either would or should 29 use. A reasonable, consistent estimate can be obtained for Use 
kinds of owners considered here from financial parameters already introduced. 

2 ®lt may be noted that the basis for determination of the discount rate for deciding whether or not to invest in a particular 
system, for all types of owners, is the opportunity cost - the return that could be obtained if the funds were invested elsewhere. 
The two major difficulties in making such a determination arc in measuiing the returns (because non-financial benefits should also 
be considered) and in measuring and accounting for the uncertainties. Even identifying the best alternative can be very difficult. 
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First, when the owner is a regulated utility, we may note that one of the objectives of the regulatory bodies is to 
maintain equivalence between the utility’s internal rate of return and the weighted average after-tax opportunity 
cost of investment. If it is assumed that the company has enough other projects (besides the system under consider- 
ation) to obtain or deposit funds to cover any temporary imbalances between current revenues and current expenses 
due to the project within the company (cf [Doane 1976, p. B-2J), then the discount rate - on the average - is the 
company’s internal rate of return. Hence, for a regulated utility as owner of the system under consideration (cf 
[Doane 1976, Equation (B.l), p. B-2] ), 

* = o - o (^r 1 ) ■ ♦ (f) r (96> 

A municipally-owned utility has no income tax liability, and capitalization is typically by debt only (that is. 
X = °°). Consequently, unless the municipally-owned utility makes "payments in Ueu of taxes ”, the discount rate is 
simply the cost of debt to the public borrower (cf [Doane 1976, Equation (B.l'), p. B-3] ), 

k = i (97) 

In a non-regulated company, a realistic estimate of the discount rate that should be used could be obtained by 
considering the expected internal rate cf return of the best investments available to the company other than the 
system under consideration but of comparable size, taking into account the risk associated with those alternatives. 
However, while obtaining the discount rate in that manner would be appropriate to a venture analysis, it would not 
be appropriate in the context of normative pricing. Instead, the objective is very similar to that of the agencies 
responsible for setting prices for regulated utilities. Thus, Equation (96) gives the discount rate for all corporate 
owners, whether regulated or not. 

The appropriate discount rate for consumers may be approximated by what it costs to obtain money. 29 There 
are. in general, two possible sources: savings (that is, bank deposits or the foregoing of other investment 
opportunities) and loans. Hence, for a private individual, 

k - the larger of (l - r)r or (1 -r )i (98) 

The multiplications by (1 - r) are due to the facts that interest revenues are taxable and interest payments are 
deductible on individual tax returns. 

4.4.2. Other (than Income) Taxes 

Non-income taxes consist primarily of property (ad valorem) taxes, which are a constant fraction of the taxable 
value of goods. It is assumed that non-capital goods have negligible value and that taxes are paid on the current 
value: 

UTX f = 0, TVAL t (99) 


Very peculiar results can be obtained if the discount rate, as calculated by Equation (96) or any other means, comes out to be 
less than or even equal to the largest escalation rate. Specifically, suppose the discount rate chosen is less than the general rate of 
inflation. Then, the investor is theoretically indifferent between receipt of a given amount of money now (say 1,00 $. 9ao in 
1980) and a smaller amount of money later (say 0.96 Sjogn. which is, say, 1.06 Simp in 1981). This is not realistic. The discount 
rate used must be at least as high as the general rate oi Inflation; perhaps it shouldhe at least as high as the largest escalation rate 
faced by the investor. 
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* "Other" (non-income) tax rate, expressed as a fraction (per year) of taxable value. 

The taxable value of capital, TVAL t , it given by Equation (SO), 11-25, and depends upon the tax environment 
of the system owner: 

(1) If a utility owns the system, the taxable value of capital is normally equal (U-2S) to the accounting book 
value, and is also known as the “rate base.” 

(2) If a non-utility business owns the system, ha tax books and accounting books may legally be different, due 
to differences between tax lives and accounting lives of capital goods and due to differences in depreciation 
methods used. 

(3) The consumer’s taxable value of capital might vary only by reassessment, since the system is likely to be 
considered as part of the house. 

4.4.3. Insurance Premiums 

The cost of insurance is based on replacement values, rather than depreciated values. Hence, cf. Equations (39) 
and (40), 11-22. 


INS it » 0 2 C, ( 1 + 6 y ) (1 +*/ for r > t f 

(100) 

INS t * INS jt 

(101) 


where 

fi 2 - Insurance rate, expressed in % (per year). 

4.4.4 Investment and Solar Tax Credits 

Investment tax credits are available as a rather complicated function 30 (see [Chamberlain 1979, pp. 32 to 33| ) 
of the tax life of the capita) goods purchased. For simplicity, it is assumed here that all capital goods have a 
sufficiently long tax life to obtain the full investment tax credit rate. Thus, 

1TC ( * (S 3 a t (102) 

where 


0 3 = Investment tax credit rate, 30 expressed as a fraction of capital investment. 


30 According to current law, a tax life of ? or more yean will allow a credit of 10% (11% if certain profit sharing policies are 
followed in a company). A tax life between 5 and 7 yean allows 2/3 of the full rate. A tax life between 3 and S yean allows I / 3. 
No credit it allowed if the tax life is less than 3 years. A user of this methodology may modify the value of to account for these 
fractions, if desired. 
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The investment tax credits can be taken (to the extent that the investment be used to generate taxable revenues) 
whenever a capital investment is made, whether for initial purchase or for replacement of hardware. 

In some locations and under some circumstances, additional tax credits are available to encourage investment in 
solar energy systems. When these credits can be obtained for replacement purchases, at well as for initial purchase, 
the tax credit rate should be included in 0 3 and Equation (102) should be used. 

Some solar tax credits, however, are available only for initial purchase. Thus, 


S7C, - 0 4 £ C/„ (103) 

all / such 
that 

where 


fi 4 - Solar (one-time only 31 ) tax credit rate, expressed as a fraction of capital investment. 

“One-time only” tax benefits do not usually have to be taken as soon as possible, as is assumed by Equation (103). 
The APSEAM computer model [Davis 1980] does not make this simplification. 

4.4.5. Expenses 

Expenses include operations, maintenance, fuel, and so on. Expenses for operations consist mostly of labor. 
Maintenance expenses consist of a mixture of labor, supplies, and materials, but do not include the costs of 
replacement components, for these are assumed to be capital expenditures. These different kinds of expenses may 
have significantly different escalation rates, in which case the expense term should be replaced by a suitable 
summation. 

Each kind of expense is assumed to increase with time at a constant escalation rate and to be proportional to 
the nameplate size of the systems: 

Kv 1 +g x Y(z t /z)+x t * x o+g x y *» {<t o 

X t * { (104) 

( x b *« o ** x y +x t *x o + s* > r for i>t o 


where 

X b = Annual expenses when the system is at full capacity, expressed in $ b . 

ZJZ - Nameplate size of the system in year t, expressed as a fraction of the nameplate size at capacity. 

( 11 - 12 .) 

t Q = Time at which the system starts full capacity operation. (11-11.) 

x = One-time expense (if any) in year r, expressed in $ b . 


31 Solar tax credits that may be taken on replacement as well as on initial purchase should be included in fi 3 , not d 4 . 
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4.5. Life Cycle Coat and Residual System Coat 


. i 


Now that expressions for all of the cost components in the cost Equation (67), 11-32, are available, that equa- 
tion may be used to determine life cycle cost from Equation ( 6 ), 11-6, and the cost part of the residual system 
value from Equation ( 8 ), 11-6. The result of substituting Equation (67) into Equations ( 6 ) and ( 8 ) will be a collection 
of sums of present values; let us define some summary variables, to facilitate dealing with those sums. Thus: 

LCC * r {« [(1 -o)spm+atpm\ p + o & bpm} E + LCC cr - [w + (1 -co)o] (t LCC dep + LCC^) 

- LCC^ + (1 -t (w + (l -w)o]}[IGC OTJr +LCC m +LOC x \ (105) 


Also, 


RSC = t (cj 1(1 - 7 ) npm + a rtpm] p + o & rbpm) E + RSC cr - [to + (1 -u;)o] (r RSC D£p +RSC /7r ) 

-RSC SJV + (1 - r lw + (l - w)ol}(/iSC orx *RSC jns *RSC x \ (106) 

And, 

COST - LCC + RSC -t {w [(1 - o) spm v + a tpm v ] p + o& bpm v } E + COST cr 

- (w + (1 - w) a] (r COST DEp + COST ^ - COST $tc + (1 - t [« + (1 - w) o] } [ COST qtx 

+ COST ins *COST x ] 

where the first term in each of these equations is similar to the benefit Equations (21 to 23), 11-13, and 


(107) 


LCC 


CR 


RSC. 


CR 


COST. 


CR 


lcc dep 


* Life cycle cost of capital recovery; the sum of the present values of return of and on 
capital investments during the system lifetime, expressed in $ b . 

* Residual cost of capital recovery; like LCC cr , but after the system lifetime. 

- Total cost of capital recovery; like LCC cr , but during and after the system lifetime. 

= Sum of the present values of depreciation deductions during the system lifetime, 
expressed in $ b - 


RSC dep . COST dep = Analogues to LCC DEp . 


LCC 


rrc 


= Sum of the present values of investment tax credits during the system lifetime, expressed 
inj 6 . 


RSC'. COST = Analogues to LCC lTC . 


LCC 


rrc 


- Sum of the present values of special solar tax credits during the system lifetime, 
expressed in $ y 
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RSC^,, COSTjff, ■ Analogues to LCC ^ 

LCCqtx * Sum of the present values of other (than income) tax payments during the system 

lifetime, expressed in $ b . 


RSC otx , COSTqtx * Analogues to LCC OTX . 

LCC ms * Sum of the present values of insurance premiums paid during the system lifetime, 

expressed in S y 

RSC m ,COST m - Analogues to LCC^? 

LCC X * Sum of the present values of system expenses incurred during the system lifetime, 

expressed in $ b . 


RSC x ,COST x * Analogues to LCC X . 

Comparison of Equation (105), 1141, with Equations (67), 11-32, and (6), 11-6, defines the life cycle cost 
components as follows: 


N 

lcc cr = Yj pv +REP t * PDR t - RSL t + 0- 

t -, f 


N 


LCC i 


DEP 


■£«' 


w + (1 - to) 0 } 
00 + (1 - oo) o 


( TDEP t -RTI t ) 


- E ev 


00 + (1 - oo) o f 
oo + (l -co)o 



LCC sk = £ PV {STV,} 
t=t f 


l cc otx = £ pv 

,= t f 


1 - r [oo + (1 - oo) o,) 
1 - r [oo + (1 - oo) c[ 



LCCjxs 



1 -T [w + (l -00)0,1 
1 -r [oo + (l -oo)oj 


INS, 


I 

i 


LCC X 



1 - r [to + (l - oo) a f l 
1 - t [oo + (1 - oo) o) 



(108) 

(109) 

( 110 ) 
( 111 ) 
(112) 

(113) 

(114) 
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Comparison with Equation (8), II -6, shows that the components of the residual system coat are defined analogously, 
with the sums running from N* I to infinity. From Equation (4), 11-5 , the total cost components are alto analogous, 
with sums running from i ly to Infinity - 

The values of these summations are developed in the next seven subse ct i on *. 

4.5.1. Capital Recovery 

Capital recovery costs consist of the repayment of investment and of the payi^ent of a normative return on 
investment. The financial environment of the owner affects the submodel for the return on investment, so it is 
convenient to express these two cost components separately : 

LCC cr •LCC qf + LCC on (115) 

where 

LCC qf * Sum of the present values of ail provisions for the return of equity principal and for debt retirement 
during the system lifetime, expressed in $ b - 

LCC on * Sum of the present values of the net (after taxes) costs of providing the normative (that is, 
exogenously specified as “reasonable”) return on equity and interest on debt, expressed in $ b - 

Thus, from Equation (108), 1142, 

N 

lcc of * £ PV w , * PDR , - > ( 116 ) 


LCC qn fV (EQR, + (1 - r) /AT,} (117) 

4.5.1. 1 Return Of Investment 

Equation (1 16) can be expressed in terms of the capital investments as follows. First, note that the sum of 
equity repayment (REP,) and debt repayment ( PDR, ) each year must equal (by Equation (69), 11*33), the book 
depreciation ( BDEP ,). Thus, 

N 

LCC of s £ PV i BDPP t } - A PV(RSL tKN ) (1 18) 


where 

! 1 if the system is resold (at r ■= jV). 
0 if the system is not resold. 
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From the definition of preeent value, Equation ( I ), 11-2, 


PV{RSL, mN ) 


* $ (l*k) N 


019 ) 


From the depreciation Equations (SI) and (47), 11-25, and the present value Equation (1), 11-2, the first term in 
Equation (118), 1143, may be expressed as 


T, PV{BDEP , } 


JL y? a t, bdeAT^r^e,) 

0 + *) r 


( 120 ) 


The upper limit of L t on the summation over Tinny cause the life cycle cost to include depreciation after the end cf 
the system lifetime. If this occurs, it is appropriate, because the investors must be repaid their investments even if 
the system is decommissioned or sold. If the system is sold, the resale revenues provide some or all of the funds for 
the repayment ; if it is decommissioned, financial benefits from operation of the system will have to provide all of 
the funds needed. 


The summation over T can be evaluated explicitly if the depreciation method is known. (See Appendix B.) 


bdep{T,L l , t i l ,e^ 

T*\ 0 +*) r 


bdep^ 


( 121 ) 


where 

bdep v j “ Present value, as of the time of purchase, of the book depreciation function, evaluated with the 
parameters of capital goods of type /, expressed as a multiple of the value at purchase. 

The sum of the present values of the depreciable capital investments during the system lifetime will occur 
frequently. So, let 


a 


1 


N - I 


CL. 


LCC.i 4 > 


t (1 *kY 


( 122 ) 


where 

Cl LCC . * Sum of the present values of capital investments of type / made during the system lifetime and 
depreciated at least one time (hence the ‘TV - 1”), expressed in $ b . 

Equations (119), (121) and (122) can be used to simplify (at least the appearance of) Equation (118), 1143, 
yielding the life cycle cost of return of investment: 



( 123 ) 
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Development of the contribution of return of inveitment to residual system cost Is similar. The analogue of 
Equations (1 16) and (1 18), 1143, an 

m 

RSC of m 2) PV{REP t + PDR,} (124) 


•• 

RSC of « 2 BDEP,) 

fN+l 


where 

RSC qf ■ Analogue of LCC QF . 
The analogue of Equation ( 1 20) is 


2 PV{&DEP t } 
i 


ir.t 


c/„ 


bdep(T, L r n r 6} 


ft (1 ♦*)' ft (1 +*) r 


The analog to Equation (1 22) is 


®RSCJ 


i ■ Cl, 

_L y ]• . . 

+s ft (i *kY 


(125) 


(126) 


(127) 


where 

Cljtscj “ Sum of the present values of capital investments of type /, possibly made before, but not depreciated 
until after, the end of the system lifetime , expressed in S b . 

And finally , the analogue to Equation (1 23) is the residual system cost of return of investment: 


ksc of ■ */ **■>* 


( 12 *) 


The contribution of return of investment to the total system cost is also similar, but the resale revenues are not, 
of course, relevant: 


COST ^ » 2 WV&F, * PDR,) 


(129) 


where 

COST uf * Sum of the present values of all provisions for the return of equity principal and for debt 
retirement , expressed in $ b . 
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(130) 


COST op “ E mBDEP'} 


r _|_ A a /r ^ Mtp(T,L r lt,,t 

7*$ fa, (i*# & (l+*) f 


From Appendix 3, 


- • CT , fl 4 / 

CL a E — ■ +c*J C, 1 ♦ (1 ♦ 8.) — V 
* *4 ~ <»♦*)' ' ' \-r l > 

ftf L e J 


x Sum of the present values of capital investments of type/, expressed in 


Finally, the total cost of return of Investment: 


COST op ■ 1,0., top., 


4.5, 1.2 Return On Investment 

For businesses, the coet of paying a return on investment (Equation (117), 1143) la simply the discount rate 
(see Equation (96), 11-38] times the book value the previous year (from Equations (78) and (79), 11-35) . Thus, 
using the book valuation Equation (48), 11-28, and (45), U-24, and the present value Equation (1), 11-2, Equation 
(117), 1143, rosy be rewritten as 


* V -L r 3- “~Y' ^ T - L r“r a l > 

i ^ t*t, (1 +kY h> <l+*) r 


bsch(A,L,u,6) ■ The schedule function, sck(AJL,ttJt), evaluated with L • boc-k life, n « book depreciation 
method. 

The result of the summation on T depends upon t, ao it may not be factored out of the summation on r, as was 
done in the (implication of Equation (120), 1144. However, the derivation of btch^j in Appendix B takes that 
into account . so that, with the definition of CJ^j from Equation (122), 1144, Equation (134) may be rewritten, 
for business-owned systems : 

MX- on 9 * “/ Xl LCC j bscf ^ccj ( 135 ) 
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where 


b&chicc i * value, as of the time of initial purchue, of the book values of goods of type / up to one 

year before the end of the system lifetime, taking into account that a non-integral number of 
replacement cycles may have been completed at that time, expressed^ a multiple of the value at 
initial purchue. 

Similarly, the contributions to residual system cost and total cost, for business-owned systems, are given by: 


rsc on 

® RSCJ Bst ^RSC,l 

(136) 

COST on 

“ k £y c/ v/ bsch V j 

(137) 


where 

bseh RSC i - Present value, as of initial purchase, of the book values of goods of type / after the end of the 
system lifetime, taking into account that a non-integral number of replacement cycles may have 
been completed at the end of the system life, expressed as a multiple of the value at initial 
purchase. 

bsch vf = Present value, as of initial purchase, of the book values of goods of type /, expressed as a multiple 

of the value at initial purchase. 

For consumers, the return on investment is even more complicated, because the financial leverage is not 
constant and the discount rate does not have the same form as the two parts of Equation (117), 1143. However, by 
using Equations (95), 11-37, and (94), 11-37, to express EQR t in terms of BVAL t and DVAL t , and Equation (72), 
U-34, to express INT t in terms of DVAL t , Equation (117), 1143, may be rewritten as 

N 

L<X on « £ PV{r ( BVAL w - DVAL f _, ) + (1 - r) i DVAL } (138) 

*"V 

In order to treat the book value and debt value parts of this equation separately, let us define BVAL lcc and 
DVAL lcc so that 

LCC qn = r BVAL lcc + 1(1 " f) i-^DVAL^ (139) 

where 

N 

BVAL lcc = £ PV{BVAL t _ x } (140) 

*■*/ 

N 

DVAL LC c s £ PV{DVAL t _ x } (141) 

*“7 
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The BVAL lcc term, however, was just calculated in the analysis of return on investment for business-owned 
systems (cf. Equation ( 1 35), U-46): 


BVALlcc * Cl tccj ^^lccj 


(142) 


The debt value as a function of time ik given by Equations (87), 11-36, and (80), II-3S. Using this information 
and Equation (1), U-2, Equation (141) may be expressed in terms of the capital investments: 


DVAL 


'LCC 


„ »-■ (1 - «)Q„ y *t iM , - (I *o T m IJlr 

/ r=fjr 4>^(1 + £) f i x=o (1+A) r 


(143) 


Let 


.V? 


^t.MP ~ ^ + ‘) T & I, MP 


(144) 


Then, Equations (144) and (122), 11-44, can be used to simplify Equation (143): 
DV AL LCC = h j (1 - e) ^ lcc, t mort vi 
where 


(145) 


mort v . = Sum of the present values, as of the time of initial purchase, of the mortgage value function 
contained in the last summation of Equation (143) for goods of type /, expressed as a multiple of the 
value at initial purchase. (The value depends upon the type of capital goods only if the mortgage 
period also does.) 

Inserting Equations (140), 1147, and (145), into Equation (139), 1147, gives, for consumer-owned 
systems: 

LCC on ~ Cl lcc,/ ^ bsctl LCC,l 0 “ 4)1(1 ~ t) i - r] worthy } (146) 

Using the indicator variable (1 for company-owned systems, 0 for consumer ownership), Equations (135), 
1146, and (146) can be combined to give the life cycle cost of return on investment : 


LCCq N ~ Ey Cl LCC j{ (w A: + (1 -<*))r] Lsch LCC ^ 
+ (1 -<o)(l -e)[(l -r)i-r] mort vj } 

Similarly, 

R SC qn “ 2 < f CI RSC j([<ok +(1 - w)rj bsch RSC / 
+ (1 - wX* ‘ «)I0 ' r)i - r] mort v/ } 


(147) 


( 148 ) 
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and, 


COST { ON - £a v/ {(wft + O - w)r] bsch vt 

i 

♦ (1 - o>Xl - «)[(! ' r)/-r) mort vl ) 


(149) 


Finally, the return of investment, given by Equations (123), 1144, (127), 11-45, and (132), 11-46, can be added 
(Equation (114), 11-43), to the return on investment, given by Equations (147), (148), (149), to obtain the costs of 
capital recovery: 


LC C cr 

C1 LCCJ jl“ * + (1 “ <*>) T 1 bSCh LCC.I + Me Py, 

RSL„ ) 

+ (1 - wXl - e)l(l - r)i-r ] mort , - A > 

' *,( 1+ *n 

RSC cs 

~ ^ a RSC.i (t w * + (l ” w)r] bsch R gg j + bdep vj 


+ (1 - wXl " e) 1(1 - t) i - r ) mort v/ } 

c ost cr 

= S C/ v/ { {w ft + (1 - w) r ] bsch vj + bdep vf 


+ (1 - u>Xl - e) 1(1 - r) i - r ) rnort v/ } 


(150) 


( 151 ) 


( 152 ) 


4.5.2 Depreciation Deductions 

Depreciation is a deductible “expense” only to the extent that the system contributes to the generation of 
taxable income, as shown in Equation (109), 11-42, As was the case with the previous section, it is convenient to 
express the two components of this equation as separate terms: 

dvp ~ ri ( 153 ) 


where 

LCC to - Sum of the present values of all depreciation tax deductions during the system lifetime, expressed in 

V 

LCC r( - Present value of the effect of resale of the system (recapture of depreciation) on taxable income, 
expressed in $ b . 


LCC, 


TO 


N 

= Y,pv 


J u> ♦ (1 - w)o f 
I to + (1 - U))o 


TDEP. 


( 154 ) 
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(155) 


lcc ri 


“ } co + (1 - cj)o 

t*tj \ 



4.5.2. 1 Deductions 


The amounts of the depreciation deductions may be obtained from Equations (47) and (52), 11-25. Using also 
the present value Equation (1), U-2, Equation (154), 1149, may be rewritten as 


JV-I 

lcc td- ££ 
/ <=7 


a 


a 


*,o ♦ 


y» f ^ (1 ~ u)° t +T tdepjTJ.^,) 

T^l w + (1 - «)o (1 + k)T 


(156) 


where 

tdep(A, L, p,8) * The depredation function, depiAJ^jifi), evaluated with L ■ tax life, p = tax depreciation 
method. 

As with the return on investment (see 11-46), the summation on T cannot be easily factored out of the 
summation on r, but tdep^j can be defined (see Appendix B) to take that into account Using Equation (121). 
1144, the effect of depreciation deductions may be written as 

LCC td - CI LCC jtdep L(X i (157) 

where 

tdep LCC ■ = Present value, as of the time of initial purchase, of the depreciation deductions on goods of type / 
up to the end of the system lifetime, taking into account that a non-integral number of 
replacement cycles may have been completed at that time, expressed as a multiple of the value at 
initial purchase. 

Similarly, the impacts on residual system cost and on total cost are given by: 


RSC ro 

~ 2/ ®RSCJ tdeP RSC,i 

(158) 

cost td 

II 

1 

(159) 


where 

tdep RSC = Present value, as of initial purchase, of the depreciation deductions on goods of type j after the 
end of the system lifetime, taking into account that a non-integral number of replacement cycles 
may have been completed at the end of the system life, expressed as a multiple of the value at 
initial purchase. 

tdep vj - Present value, as of initial purchase, of the depreciation deductions on goods of type/, expressed 
as a multiple of the value at initial purchase. 
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4.S.2.2 Resale Of The Syitem 

Equation (155), 11-50, together with the cost Equation (67), 11-32, provide for the recovery (by the govern- 
ment) of taxes that were not paid due to deduce tion of depreciation beyond 32 the decrease in market price. Strictly 
speaking, the fraction of that excess that would be recovered is not given by o, unless the sell-back fraction, o r , is 
constant for t ■ 1 , . . . , N. The fraction recovered should be the weighted average of o t over that period, but the 
additional complexity required to account for this nuance has been purposely omitted from this 33 model. A con- 
servative result (conservative in the sense that it may slightly overestimate the effect on cost) can be obtained by 
using the sell-back fraction for the first year, o. Now, obtaining the contribution to taxable income, RTI t , from 
Equation (58), 11-28, and using the definition of present value Equation (1), II-2, Equation (155), 11-50, may be 
rewritten as: 

.«„> (160) 

From Equation (61), 11*29, the ordinary income is given by 

OI N = RF {min [RSL t ,f)PVR+(l -p)STVAL N ] -TVAL n } (161) 

and, from Equation (62), 11-30, the capital gains income is given by 

CG n = RSL„ - TVAL n - 01 N (162) 

Since resale of the system, if it occurs at all, takes place at the end of the system lifetime, there is no 
contribution to residual cost. Further, the total cost is calculated as if the system is never resold, so there is no 
contribution to it either. 

Thus, from Equation (153), 1149, and its unstated residual and total cost analogues, 

(163) 


(164) 

(165) 

4.5.3 Investment Tax Credits 

Investment tax credits are a ample multiple of capital investments, but investments that are made precisely at 
/ = A r contribute to residual system cost, rather than life cycle cost. Consequently, combining Equation ( 102), 11*39, 
and Equation (110), 1142, 

32 The effect on capital gains income of a market price below the depredated value of the system is ignored here. Input data could, 
however, cause that to happen; the resultant capital tots would be treated as (negative) ordinary income. 

33 This complication is included in the APSEAM computer model (Davis 1980] . 
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If u • 1 or a, ■ constant, or both, this reduces quite simply (see Equation (121), 1144) to 


LCC rrc " £ / ci lcc,i 


If, on the other hand, u e 0 and o * constant , a new term is needed: 



= Loc./ 


where 


1 yi O) + (l-w)0 f 

** W+(1-Ui)0 

c/ /r 

w toc./ 

(!+*)' 


Equation (168) applies, of course, whether Equation (167) does or not. 
Similarly, 

't>h a *sc.i 
COSTnc ~ e>*i cr .i 


a , . 1 A <*’*(* -->)», a /, 

*se./ 4-j ** oj+(l - oj) o (i 


0 , I - u*(i-u)', c; /t 

V ' G» + (l-u)o (1+t)' 





4.5.4 Solar Tax Credits 


The “one-time only” 34 solar tax credits are given by Equation (103), 1140, so Equation (1 1 IX U-42, becomes 


Similarly, 


LCC. 


STC 


K £ 


J »l 


all /«uch 


that tj<N 


RSC i 


STC 


= h £ 


CI„ 


all /such 
that tj>N 

a ti 


COST^ * -t - — r 

/ ♦,(!+*) 1 


(174) 


(175) 


(176) 


4.5.5 Other (Than Income) Taxes 

The “other taxes’’ submodel is given by Equation (99), 11-38. It requires the taxable value, which may be 
obtained from Equations (48), 11-25, and (45), 11-24. Thus Equation (1 12), 1142, may be rewritten 


LCC. 


OTX 


m y « 0J_ S N ^' /l-T[“Hl-Q>)O t . T )\ tSCh(T.L r ^e t ) 

/ ^**(1+*)' ho \ l~ T lw + (l "«)«] / (l+*) r 


(177) 


where 

tsch(A,L, ix, 6) = The schedule function, sch(AJj,nft), evaluated with L * tax life, n* tax depreciation 
method. 

This equation is very similar to Equation (134), 11-46. Consequently, it may be handled in the same way (that is, by 
deferring the complexity to Appendix A): 


LCC otx 2 / Cl lcc, ) tsch Lcc,j 


(178) 


Solar tax credits that can be taken on replacement investments as well as on initial investments are assumed to be included in the 
investment tax credit. 



when 


tsch LCCf • Preeent value, as of the time of initial purchue, of the tax values of goods of type / up to one year 
before the end of the lystem lifetime, taking into account that a non-integral number of 
replacement cycle* may have been completed at that time, expressed a* a multiple of the value at 
initial purchase. 

Similarly, 


KSCqTX * 0 | *7 CI RSCJ ***, RSC.i 


(179) 


(180) 


where tsch RSC/ and tsch v/ are analogues of tsch LCC/ (or of bsch R5C f and bseh v j). 

4.S.6 Insurance Premiums 

The year by year cost of insurance premiums is given by Equations (100) and (101), 11-39. Using those expres- 
sions in Equation (113), 1142, gives the life cycle cost of insurance premiums: 


n 1 -r [w + (l ~u)o ] /I +g c \ f 

1 - t (w+(l -w)o] \TT*) 


( 181 ) 


where 

<t> c - «b c /4»j, the real escalation of capital prices from the base year, Y b , to the start of system operations, t - 0. 

If w « 1 or o r * constant , or both, the summation over t can be expressed in closed form, so that Equation (181) 
may be reduced to 


LCC m ’ M, £ c /<' ♦*,)*? 


(^) 


( 182 ) 


where 

R c * (1 +l c )/0 + *), the discounted escalation rate for capital goods. 


(183) 
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If, on the other hand, to ■ 0 and o f ¥> constant, another new term b needed: 


(184) 

(185) 

Similarly, 

(186) 

(187) 

(188) 
(*89) 


s ( l + */) t^RSC./ 

COST m =^^ 2 / C /(l +6 /) /m W 
where 


- l-r[w + (l-w)o f ) 

ins B „~, * >, - R[ 

RSC,i ,7j +l 1 -r [w+(l -w) o] c 

- 1 - r [w + (l - w)a f ] 

/n * v/ ,7^ 1-r Iw + (1-cj)c] Rf 


LCC m m e i *c' £ , C i( l + 6 t )lm L cc, l 

where 

A l -r («♦(!- w)o l 
* S i. r [ w +(l -cj) o] ** 


4.5.7 Expenses 

Year by year expenses are given by Equation (102), 1140. Inserting that expression into Equation (1 14), 1142, 
gives the life cycle cost of expenses: 


ICC 



\ZJZ If «<„| 

l> «'M 



1 -r lw + (l -«)o f ] 
1 - t (w + (l -w)o] 


where 


(190) 


<t> x - <b x l<t > t , the real escalation of expenses from the base year, Y b , to the start of system 
operations, t* 0. 


(191) 


R x = (1 *g x )l{ 1 + A;), the discounted escalation rate for expenses. 


(192) 
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Once again deferring the complexity to Appendix B, Equation (190) may be rewritten as 



Similarly, 


► 


RSC 


X b * x Z RSC + * RSC 


COST x = X b * x Z v + X J x 
where 

A I - f [w*(l -w)o,I \ZJZ if ,C,J 

** „v„ * 1-f [*♦<! if t>,' I 


X RSC 


i k 

t*N + 1 


1 -r [w + (l 
1 -r (w + (1 - w) oj X * 


~ l-r[w + (l-w)o,) (Z,/Z if /<t 0 J 

h, l-r[w+(l-«)aj jl *t>t 0 \ 


x 


v 



1 - r (u> + (l -w)o f J 
1 - r [a; + (1 - w) o) X ‘ 


( 193 ) 


(194) j 

i 

j 

(195) I 

i 

I 


(196) | 

i 

; 

(197) ' 


( 198 ) 


( 199 ) 


( 200 ) 


( 201 ) 


4.6. Cost Recapitulation 

The seven subsections, 4.5.1 through 4.5.7, of the previous section were devoted to the determination of 
the elements of the coat Equations (105) and (107), 1141. Combining the results of those subsections and 
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• ;jai >m "*g.T. ^^^-Ti-nTz: . 


r«,rr\ .t. t i a 


collecting tenni gives Equations (202), (206) and (209), for life cycle cost, residual system cost, and total system 
cost, respectively: 


ICC * r {to ((1 - o)spm + atpm ] p + o &bpm}E 
+ Xy CI LCC j ccntj + X b xpm - A NRG 


( 202 ) 


where the following summary terms were introduced: 

ccm f » Capital cost multiplier for capital goods of type /; the factor by which the present value of capital 
investments of type / made during the system lifetime (CL UX j, see Equation (122), 11-44) must be 
multiplied to obtain the contribution of capital investment to life cycle cost. 

xpm * Expense price multiplier; the present value of all expenses during the system lifetime, expressed as a 
multiple of annual expenses when the system is at full capacity (X b ). 

NRG * Net resale gain; the present value of the after-tax gain from resale of the system at the end of the 
system lifetime. 

The capital cost multiplier is given by the following collection of terms: 


ccm j • (w * + (1 - to) r) btch LCC j + bdep vj + (1 - w) (1 - e) ((1 - r) /- rj mort v/ 
+(1 -t(w + (1 -wJaO/J, tsch LCCJ -[u + (l -w)ol j Ttdepuxj 


Cl' 

W icc.l _ 


C, (1 +fi / )f«. cr , 0. 

+ (l-T[w+(l-fa))o])0 J 0 c -t—cr — 


Cl, 


r / ( 1 if f y < Af | 


lccj ^ ( , + k) ij Cl LCCf |0 if t t >N ) 


(203) 


The expense price multiplier is given by 


xpm * (1 -r (w + (l -wjol)^ {2 lcc *-~ j 

The net resale gain is given by 

NRG » RSL n -t [jCG n + 01 N \ 

The expression for the residual system cost is 

RSC » r {to ((1 -a)npm + artpm\ p + o &rbpm}E 

* £ / Ci RSC,l CCm r/ + X b rXf>m 


(204) 


(205) 


(206) 
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cent. • Residual capital coit multiplier for capital goods of type / (multiplier of C1 RSC , - see Equstion (123), 
1144). 

rxpm • Residual expense price multiplier; the present value of all expenses after the end of the system lifetime, 
expressed as a fraction of annual expenses when the system is at AiU capacity. 

The residual capital cost multiplier is given by 

ccm r f * (w * ♦ (1 “ w) r\ bt + bd ep v j * (1 - <*>X1 “ e)(0 “ t)/ - r ] mort^ 

* (1 ‘ J ‘(w ♦ (1 - «M)0, f^nacj ' l w ♦ 0 - cj)o] J r tdep RSCj t fi 3 

L RSCJJ 

CXI * 

♦ (1 - r (« ♦ (1 - — tf * ‘ 


Pa 


a 


**SCJ 


/J_|l If 

♦j(l + k )' 1 C ‘ HSC J io If /, < Ari 
The residual expense price multiplier is given by 


(207) 


rxpm • (1 - r(w + (1 - u)o))<t> x [z^ ♦ 


(208) 


The expression for the total system cost is 


COST * r(w((l - o)spm v ♦ a rpmjp + o <&bpm v }£ 
+ S/ Cf„/ cc«„, ♦ ** JfiP« v 


(2oy) 


where 

ccm vJ * Total capital cost multiplier for capital goods of type /; the factor by which the present value of all 
capital goods of type / is multiplied to obtain the contribution of capital investment to total cost. (Sec 
Equation (132). 1146. for CI v/ .) 

xpm v * Total expense price multiplier; the present value of all expenses, expressed as a multiple of annual 
expenses when the system is at full capacity. 
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ccm vj « lw k «■ (1 - w) rl btch vf ♦ bdep vf t (I - wXl - «)10 - t)I - rl mort ¥/ 

* 0 * t{w ♦ (1 - w)o])£, ttch vl - (w ♦ (1 - w)o] |r«f€p w ♦ 0, 

cn ♦ «.)*». fi 4 a it. 

♦ (1 - T(u ♦ (1 - w)o])00 -— A/ -- - * ; 

a w ♦,(! ♦ k)i a w 

^ • 0 • f(w ♦ (1 - w)0))^ {z ¥ 1 
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5. NET PRESENT VALUE RECAPITULATION 


It to now possible to evaluate the net present value of the system under consideration, which was defined tot 
Equation (2), 114. 

The net present value includes consideration of all benefits and costs resulting from installing and operating the 
system. If the sv'tem to resold or decommissioned, those benefits and costs atop (from the point of view of the 
investor) abruptly. The net present values in these two scenarios 0‘no-resale" or “resale") ire presented separately 
in the next two subsections, partly because doing to reduces the complexity of the resulta.it equations, but mainly 
because it is anticipated that most users will find only one of the two scenarios relevant. 

S. 1. Without Resale Of The System (A * 0) 


If the system to not resold, the net present value can be obtained by substituting Equations (23), 11*13, and 
(209), 11*58, directly into Equation (2), 11*3, which produces 


NPV * [(l - a)(JP- ru>p)spm v + a(l -rot)ptpm v 
♦ a (1 - t)& kpm ¥ 1 E - l f a vl ccm^ 

- X b xpm y 


(2121 


Of course, unleu the system owner can realize a different value for energy produced by this system (but not sold 
back to the grid) than the grid price, the numerical value of P should be the grid price (p) in all calculations except 
when the normative system energy price it the desired result of the computation. 

S.2. With Resale Of The System (A* 1) 

If the system is resold, Equation (2). 11*3, cannot be used directly. Instead the definitions of Equations (3). 
11*4, through (9), 11*7, may be used in Equation (2). to obtain 

NPV * REV - LCC +RSV (213) 

where, in this context, RSV • 0. 

Then. Equations (21), 11*13, and (202), 11-57, can be substituted into Equation (2 13) to obtain 


NPy ■ ((I •* o)(P- ru)p)spm +o(l -ruijptpm 
■♦* 0 ( 1 - T)dP bpm\ k - 2 / CJ LCC j ccm j 
- X b xpm * NRG 


(214) 


5.3. Residual System Value 

The residual system value, given by Equation {%, U*7, is also of significant interest. From Equations (22), 
11*13. and (206), 11*57, 
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RSV - [(1 - a)(P- Tiop)rspm +«(1 -ru)prtpm 


+ o(l-r)&rbim)E-2 / CI RSC jCcm r/ (215) 

- X b rxpm 

In this equation, P has still not been replaced by p, because it might be used to find the normative system energy 
price during the period after the end of the system lifetime, when solar tax credits and one-time costs do not 
appear, and the system has achieved a sort of steady-state operation. 
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6. BREAK EVEN ANALYSIS 

The term “break-even” is often uaed to mean that the benefits obtained from the system just equal the costs 
incurred. The general idea here is the same, except that 

(1) a “reasonable” profit is considered to be one of the costs that must be recovered, so that “breaking-even” 
implies making the specified rate of return on equity, and 

(2) the time value of money, due to both inflation and discounting, is taken into account, rather than ignored, 
so that an investment of D dollars must be repaid by more than D dollars to “break-even”. 

Explicitly, as discussed in Section 2.3, the system is considered to be a break-even investment if the net present value 
is zero. 

The following subsections provide solutions or solution procedures for the values of various parameters that 
satisfy the equation NPV = 0. In some cases, it will be seen that there is no realizable solution (as, for example, 
when a break-even price comes out to be negative). The symbol is used to indicate break-even values. 

6.1. Normative System Energy Prices 

The normative system energy price is hereby defined as the average inflating marginal price of energy produced 
by the system, assuming the system owner continues to own, maintain, and operate the system for an indefinitely 
long period of time. Thus, it corresponds to the Busbar Energy Cost levelized in real terms (BBEC) of USES, not the 
Busbar Energy Cost levelized in nominal terms (BBEC). In this definition: 

“Average” implies a “flat -rate” pricing structure. “Inflating” implies increases with time at the rate of energy price 
escalation. “Marginal” implies that, although the effect of the system on other operations is charged (or credited) to 
the system, system costs and benefits are not averaged with those of other operations. “Price” is used instead of 
“cost” because profit - and other “general and administrative” expenses — are included. 

Setting Equation (212), 11-60, to zero and solving for P gives the following expression for the normative system 
energy price : 


l.a vj ccm vj + X b xpm v 
(1 ~ o)E spm v 


[f«-(l-r)a ipm J p - a (1 - t) & bpm v 


( 216 ) 


The break-even sellback price fulfills the same role as the normative system energy price if a major portion of 
the energy generated is sold to the utility. Since the PURPA regulations [FERC 1980] require the utility to pay a 
price that reflects its net avoided cost, that price could be considerably higher than the grid energy price, particularly 
if the system under consideration tends to produce energy at times when the utility’s marginal cost of generation is 
high. 
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Again setting Equation (212), 11-60, to zero, and replacing P by p, then solving for the break-even seUback price 
gives: 


a 2/ CI v j ccm vl + X b xpm v (1 - o)(l - r co)spm v +(1 -rui)atpm 

* /< V n t " s * v ■ 


o (1 - r) £ bpm 


o(l - t)6j»»i 


(217) 


Resale of the system could affect these break-even prices. The normative temporarily-owned-system energy 
price can be obtained by setting Equation (213), 11-60, to zero and solving for P. 


a £ / &LCC i CCm vl * X P m 

P - ([- a )Espm + l^w-0' r)atpm]p- o(l- r)&bpm- 


NRG 


(1 - a)spm 


(218) 


Also from Equation (214), 11-60, the break-even seUback price for a temporarily-owned-system is given by 

*7 ^LCC.i ccm vi **h x P m ~ NRG (1 - o)(l - r cj) spm + (1 -r<o)atpm 

o(\-j)Ebpm o(l-r)bpm ^ 


From the residual system value Equation (215), 11-61, we can obtain the normative residual-system energy 
price: 


2, ccm + X. rxpm 

P = 0 - oyErspin + l T w ~ 0 " r)artpm]p- o( 1 - T)&rbpm 

and the residual-break-even seUback price: 

^ Zy- CI RSC . ccm rj + X b rxpm (1 - a)(l - t cj) rspm + (1 - t <j) a rtpm 

o(l-T)Erbpm o(l-T)rbpm ^ 

6.2. Component Prices, Energy Production, etc. 


(220) 


( 221 ) 


Equation (212), 11-60, with P = p, can be solved for a few other parameters whose break-even values are of 
interest: 

The break-even price of component J is found by first solving for Cl vJ , then solving Equation (132), 1146, for 
Cj. Tlius, 


a vJ = (tlO ” <0O ” tu)spm v +(1 - r) a tpmj p + o(l - t) & bpm v } E - X b xpm v 


E, , , Cl . ccm )!ccm , 

V/ VJ' 1 vj 


( 222 ) 


It is shown in Appendix A that Equation (132), 1146, can be written as 


a . = <b R' 

V/ ”c c 


i+u+V 


L, 

V 

It 

l-Rj 


(223) 
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Consequently, the break-even price of component J may be found by substituting the result of evaluating 
Equation (222) into 


e ,- & « /*<*'! 


L. 

R 1 




1 - R c J 


(224) 


The break-even energy production in the first year of capacity operation is 




T. l Cl vj ccm vj + X b xpm v 


[(1-o)(1-tw) spm + (1 - t) a tpm ] p + o (1 - r) &bpm 


(225) 


The break-even efficiency (which may exceed limits imposed by physical laws) is obtained from Equation (17), 
III 2. 


V = E/SZ 

The break-even grid energy price is 

^ 2, C/ v . ccm vj + X b xpm v - o (1 - r) bpm^ E 

P ~ 1(1 - a) (1 - t w) spm +(1 - t) a tpm ] E 


(226) 


(227) 


6.3. Initial System Capital 

The net present value Equation (212), 11-60, contains a weighted sum of component prices, rather than the 
unweighted sum implied by Equation (41), 11-23: 

C = 2. C\ (228) 

where 


C = Initial system capital, expressed in $ y 

If we assume, however, that component prices are exogenously known fractions 35 of the total price - that is: 

(229) 


where 

f. = Price of capital goods of type /, expressed as a fraction of the initial system capital. 


3s One possible source tor values of those fractions is the goals of the research and development program. 
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then Equation (212), 11-60, after P is replaced by p and NPV is set to zero, may be rewritten and solved for Cto give 
the break-even initial system capital : 

d * ( (1(1 " o) (1 - r w) spm v + (1 - t) a tpmj p + a (1 - r)^ bpm y } E - X b xpm^/^fj ccm v/ (230) 

The component prices associated with the break-even initial system capital are obtained by applying Equation (229), 
11-65: 

C f ~ for all/ (231) 

Note that the £j given by Equation (224), 11-64, requires component / to provide all of the savings needed (if any); 
the Cy given here shares the “burden” among all of the components. 

6.4. Other Exogenous Variables 

Break-even values of other exogenous variables, such as component lifetimes (one of which may determine the 
system revitalization period) enter Equation (212), 11-60, in a complex fashion. (It is not valid, for example, to 
obtain Lj by solving Equation (224), 11-64, for L Jt because Lj enters into ccm v j as well.) They can be determined by 
multiple evaluations of Equation (212), 11-60, starting from scratch each time, using an appropriate procedure for 
selecting successive values of the parameter of interest, until the computed value of NPV is sufficiently close to zero. 
(In performing these calculations, note that P should be set equal to p.) 


7. OTHER FINANCIAL CONSIDERATIONS 


The net present value of a potential investment is one of the most important financial estimates available to a 
venture capitalist. Its components - the life cycle revenues, the life cycle costs, and the residual system value - ate 
also of considerable interest. These are not, however, the only criteria on which investment decisions are based. The 
liquidity requirement - the maximum cumulative negative cash flow (that is, how "deep in the hole” the investment 
gets before it starts paying off), or the present value of the liquidity required (the equivalent amount that would 
have to be in the bank at some point in time) - is also crucial. Non-quantitative criteria - such as the esthetic appeal 
of the system - are also relevant. Risk and uncertainty have been assumed in the present analysis to be accounted 
for by the numerical values of the required rate of return on equity and the debt interest rate; a venture capitalist 
would be more comfortable if these factors were explicit. 

The normative system energy price is one of the most important financial estimates available for assessing the 
state of the art. The total initial cost of the system is also very important. 

These issues, and others, are discussed in the remainder of this section. 

7.1. Working Capital 

One of the kinds of capital required is working capital, the amount of capital which must be injected into the 
system to get it operating once it exists. Working capital may be modeled as follows: 


C w = S'. + 1 OPR 


(232) 


where the summation on / covers all kinds of capital goods except working capital, and 

s. - Spares fraction for capital goods of type /, expressed in dollars per dollar (a dimensionless number in 
computation). The numerical value depends on the specific system design; a small system will often 
have no spares. 

/ = Operating period coverage fraction, the fraction (of a year) for which the system owner must be able to 

cover operating expenses out of working capital. The numerical value of this factor is determined by 
the “lumpiness” of revenue and cost cash flows and by the differences in their timing. If the owner has 
sufficient flexibility to defer payment of costs, without penalties, the numerical value could be zero. 

OPR = Net annual operating expenses of the system under consideration, expressed in base year dollars (per 
year). Equation (233) approximates its value in terms of more fundamental parameters. 

The net annual operating expense can be approximated by multiplying the non-capital portions of 
Equation (216), 11-62, which gives the marginal cost of energy generation and takes into account the effect of the 
system on other expenses that the owner might have, by the annual amount of energy produced: 


OPR 


x b x P m v 
(1 - a)spm v 


+ (|rw (1 - r) a tpm y J p - o(l - r)dP bpm v )E 


(233) 
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It should be noted that working capital does not depreciate, but that the amount required does increase with 
time due to inflation. Thus, 


DL W * ~ 


(234) 

p w = “RA”withg*g, 

w 

(235) 


where 

DL w ,n w * Parameters DL { and (see 11-24) for capital goods of type /' * w ( working capital). 

“RA” * Depreciation method “reassessment”. (See Appendix B.) 

g = Growth rate parameter associated with the “reassessment” depreciation method. 

g f = General inflation rate, expressed in % (per year). 

7.2. Liquidity Requirement 

The owner of the system incurs costs before starting to receive revenues. This fact implies that the owner must 
be able to survive a deficit of some amount for an investment in the system to be financially viable. The maximum 
size of that deficit is the liquidity requirement. 


t 

Q, = {Cost T ~ Benefit T ) (236) 

where 

Q t = Liquidity requirement at time f , expressed in year t dollars. 

Cost T = Cost in year T, expressed in year T dollars. (See Equation (67), 11-32.) 

Benefit T = Financial benefit in year T, expressed in year T dollars. (See Equations ( 1 9) and (20), 11-1 3.) 

Note that Equation (236) contains the assumption that all financial benefits reduce liquidity requirements. (If it did 
not contain that assumption, the resultant liquidity requirements would be likely to grow without bound.) It also 
assumes that costs and benefits occur at the times called for by their submodels. If this assumption provides too 
coarse an estimate in a particular application of the present model, the user is hereby directed to [Davis I980| . 
Application of the current model with monthly resolution (see 11-5) rather than yearly resolution could reduce that 
coarseness considerably. 


i 
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The maximum liquidity requirement it obtained from the liquidity requirement at time t by finding that time, 
My /*, for which Q t takes on its largest value. Thus, 

Q max = ™* t Q t = Q t . (237) 

where 

Q max = Maximum liquidity requirement, expressed in year t* dollars. 

A more meaningful definition of the initial capital requirement than that provided in Section 4.2.2, 11-23, and 
used in Section 6.3, 11-65, is the funding that the owner would need at the time of the first cash flow, t f , so that his 
funds in hand would never be entirely gone. Its value could be determined by finding that value of Qt in the follow- 
ing equation that makes the minimum value of BAL t equal to zero. 


BAL t = Q f (l +*)'+ £ (Benefit T - Cost T ) X (l+*) f_r (238) 

T= 'f 

where 

BAL t = Balance in a hypothetical investment account that earns at the discount rate and is used to meet all 
costs and receive all financial benefits, expressed in year t dollars. 

= Initial capital requirement, the amount that must be put into that hypothetical investment account 
just before the first cash flow at time tf so as to have that account never go negative, expressed in year 
tf dollars. 

Determination of the value of Qf requires a search over all values of t in the range t f < t < /*; the value of / that 
implies Qf is likely to be closer to t* than to tf . 

73. Time-Variable Rates 

All of the analyses presented here assume constant inflation, escalation, interest, and required return on equity 
rates. It is likely that these rates will actually change with time. To the extent that they all change in exact 
synchronism with the rate of general inflation, such variations will have no effect on the results 36 . To the extent 
that they vary independently, the model will give less accurate results. 


36 th« is due to the fact that results are stated in (base year) constant dollars and that none of the costs or benefits are non-linear 
with the value of a dollar. If the income tax model had not assumed a fixed marginal tax rate, this would not have been true. 
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8. SIMPLIFICATION AND SYNTHESIS 


Finally, everything needed to determine normative system energy prices, net present values, break-even 
parameter values, etc. has been delineated. All that remains is to put it together into a usable computational 
algorithm. Even if that were done next, however, the result would be so formidable that few of the intended users 
would bother with it, so that jome simplification is required before proceeding (back) to Volume I. 


The following simplifications will be made before synthesizing the algorithm: 

(1) The sellback fraction and thermal energy value will be assumed constant: 

o, * o and a, = a for all r > 0 (239) 

(2) The system will be assumed to be a quickly constructed, “turn-key" installation: 

t Q - 0 and t f * 0 (240) 

(3) Only “straight line” depreciation will be considered. 

Hj = “SL” for all /' if the owner is a company (241) 

(4) Possible resale of the system will be ignored. 

A = 0 (242) 


The general algorithm in Appendix A of Volume I was developed by following the same approach as in this section 
but without these simplifying assumptions. 

8.1. Simplified Net Present Value 

Equation (2 1 2), 11-60, with P = p, is 

NPV - {((1 - aXl - Toi)spm v + (1 - r)atpm v ) p + o(l - t)& bpm v }E 

- 2 j CI V . ccm v , - X b xpm v (243) 

The following elements are exogenous (input): 

a - Sellback fraction. See Equation (239), 11-69, 11-13, and 11-9. 

r = Owner’s marginal income tax rate. See 11-26. 

co = Ownership indicator: zero if consumer, unity if company. See II-32. 
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a ■ Value of system thermal energy as fraction of value of system electrical energy if bought from the grid. 
See IM3. 

p = Price of grid electricity. See 11*10. 

# = Price paid (by the utility) for electricity sold to the grid. See IMO. 

E * Net electrical energy produced by the system during the first year of capacity operation. See 11-1 1. 

X b = Annual expenses during first year of capacity operation. See U-40. 

The following elements are endogenous; the equations that determine them follow: 
spm v * Total system energy price multiplier. See IM4. 
tpm v « Total thermal energy price multiplier. See IM4. 
bpm v * Total sellback energy price multiplier. See 1M4. 
ccm v/ - Total capital cost multiplier for capital goods of type /'. See U-58. 
x pm v * Total expense price multiplier. See 11-58. 

Equation (31), 11-16, using the simplifications of Equations (239) and (240), becomes 
If a - 1, spm v * 0; ifo # 1: 


spm u * 


<t> e ( l +g t Y m 


i -at 


m , 

't 'm 


R " v, 


(244) 


Almost all of the elements of this equation are (essentially) exogenous: 

<t> e ~ Relative infiation (i.e., real escalation) of energy prices from the base year to the start of system 
operation. See 11-14. 

g e ~ Energy price escalation rate. See 11-3. 

A * System revitalization period. See 11-12. 

Vm s Degradation efficiency during the m-th year of the system energy production cycle. See 11-19. 

The endogenous element is 

R e = Discounted energy price escalation rate. From Equation (29), 11-15: 

R e = (1 +*,)/(! +*) (245) 
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The remaining element in thii equation it 


k “ System owner's discount rate. See Section 4.4.1 .3, 11-37 fT. 

Equation (34), 11*18, using the simplifications of Equations (236), 11*64, becomes 
Ifa ■ 0, tpm v ■ 0; ifa*>0: 

“ —L £ «7 < 246 > 

m«l 


Note that the expressions for spm v and tpm v are identical (with the assumed simplifications), but that the 
conditions are different. 

Equation (37), 11*20, using the simplifications of Equations (239), 11*69, becomes 
Ifo * 0 ,bpm v * 0; ifc#0: 


bpm v 


0,0 


1 -Ri 


ms 

m=l 


m _ 


(247) 


The exogenous element is 

<t> s * Relative inflation (real escalation) of sellback prices from the base year to the start of system operation. 
See 11-18. 

The as-yet undefined endogenous element is 

R t - Discounted sellback price escalation rate. From Equation (35), 11*18: 

R, *(l+*,)/(l+*) (248) 

The as*yet undefined exogenous element is 

g s 3 Sellback energy price escalation rate. See 11*3. 

Equation (210), 11*59, is considerably simplified if split into separate cases depending on ownership: 

If to = 0 (the owner is a consumer): 

ccm vj = r bsch vj + bdep vj +(l - e) 1(1 - r) i - r ) mort vl + (1 - to)0, tsch vj - o [t tdep vj 

CI *i C f (\*& t )ins vl Cl 

+ /3 3 +(l-T O )0 2 <» f — L (249) 

a *, Cl vj *,U + *)' C/ w 
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If w * 1 (the owner is a company - utility or non-utility): 


ccm vj « * btch v/ + bdep vf +(1 - t) 0, rtck y/ - 1 r tdep^ ♦ fi. 


Cf " 

./■ Ttdt ! > «*ha, 

W 


C/0 ♦«/>**,, *4 C! 

+ (1-T)fi 2 t c - (250) 

Ci vj ♦,(i+*/ / a vi 

The exogenous elements not previously identified in this section are: 
r * Required rate of return on equity. See 11-34. 
e * Down-payment fraction. See 11*35. 
i * Debt or mortgage interest rate. See 11*34 and U-35. 

0, * Other (non-income) tax rate. See 11*39. 

fi 2 * Insurance rate. See 11-39. 

fi 3 x Investment tax aedit rate. See 11-39. 

fi 4 * Solar (one-time only) tax credit rate. See 11-40. 

0 c * Relative inflation (i.e., real escalation) of capital prices from the base year to the start of system 
operations. See 11-54. 

4>j * Inflation (of dollars) from the base year to the start of system operation. See 11*2. 

C f “ Purchase cost of capital goods of type /.See 11*22. 

ij ■ Additional cost of replacing capital goods of type /. See 11-22. 

tf * Time of payment (“lead time") for capital goods of type /.See 11-22. 


Several new (to this section) endogenous elements were introduced in Equations (249-250). It will be seen, however, 
that the simplifications of Equations (239), 11-69, will simplify some of the capital ratios. The new endogenous 
elements are : 

bsch vt » Present value of book values of capital goods of type /as a multiple of initial price. See 11-47. 
bdep vj * Present value of book depreciation functions. See 11-44. 

mort vi * Present value of mortgage value function. See 11-48. 
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tteh„ 


Preient value of tax valuation function. See 11*53. 


tdep u 


Preeent value of tax depredation function. See 11*30. 


/tji 


Preeent value of replacement values. See 11*55. 


cr„ 


Present value of all capital investment in foods of type/. See 11*46. 


ct v ,ia vl • 1 . 


From Equation (A*4), A*2, 

L 


X btch(T.L r n r 6.) 

bsch - £ L - LJ - 

’ (1 ♦ Jk) r 


(251) 


7*0 


The new exogenous elements are 

Lj * Lifetime of capital equipment of type /.See 11*22. 

Oj * Salvage value fraction. See 11*24. 

By simplifying Equation (241), 11*69, the schedule function is given by Equation (B*6), B*2: 


sch {T, L r n /t e f ) - 1 - (1 - fl 7 ) ^ (*« 0 < T<L f ) 

From Equations (241), 11*69, and (C*7), C*2, 


(252) 


^ . X V/-V L 

bdep « V 

’ rfi (1 +*) r 


^ (1 ~ °i ),L i 
U +*) r 


(253) 


By Equations (28). 11*15, and (82), 11*36, this can be rewritten as 


W<® 


1-0, 


cr fi 


kX, 


(254) 


The erf function was used to represent the summation because that particular combination of two arguments will be 
needed frequently. Rewriting Equation (82), 11*36, 


*/li-o+*r i ] 


erf. 


kX 


ML 


if* #0 
if*«0 


(255) 
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(In this equation, * and Z. are the arguments of the function, not necessarily the ttocotmf mu and the nvitattuition 
period.) 


From Equation (A*10), A<4, 
lei 


mort 


m f 

w " /(I +*) r 


(2S6) 
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The new exogenous element is 

MP • Mortgage period. Sec page II *36. 

The endogenous element is the sinking fund factor function given by Equition (90), 11*37: 

*/((!♦ *^-1) if**0 


0f • 


(257) 


1 / 2 . 


if* *0 


(As in the definition of erf. Equation (255), 11*73, * and L in this equation are arguments, not necessarily to be 
interpreted as the * and L defined earlier.) 

From Equation (A*7), A*2, using simplification Equation (239), 11*69, 

Lr • 


i-, tsch(T,L,,n r e.) 

tsch vi * L ; r 

' (l+*) r 


(258) 


The tax schedule functioti depends on who owns the system, in spite of Equation (241), 11*69. Furthermore, the tax 
life is shorter than the expected life, by Equation (B*l 7), B*4. Thus, from Equations (B*6), B*2, and (B*14), B4. 




0 

I -d -6j)WfL t ) 


if to • Oand T<tfL t 
if to « lan iTKtfLj 
it if 


dL ( <T 


(259) 


The new exogenous elements are 


g a * Assessment escalation rate. See B*4. 


if * Tax hie fraction (normally, 2/3). See B*4. 
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From Equation (A-9), A-3, using simplification Equation (239), 11-69. 


A tdep{T,L n 6. 
tdep , = V ^ 

■' s a»*) r 


( 260 ) 


By Equations (241), 11-69, (B-17), B-4, (B-7), B-2, and (B-1S), B-4, and using Equations (28), 11-15, and (82), 11-36, 

1 - 0 , 


tdep vl * tfL^ tfXLj 


(261) 


From Equations (189), 11-55, (239), 11-69, (241), U-69, and (28), 11-15, 


ins v . = 1/(1 - R e ) 


The new endogenous element is 

R c = Discounted capital goods escalation rate. From Equation (183), 11-54: 

R c = (l+g c )/(l+*) 

The new exogenous element is 

g c = Capital cost escalation rate. See 11-3. 

From Equation (A-l), A-l , 


(262) 


(263) 


- t'Rj C ( 


l+(l+6y) 


rL j 


1 -r l > 

c 


(264) 


There are no new exogenous or endogenous elements in this equation. 

Finally, the last endogenous element in the net present value Equation (243), 11-69, is the expense price 
multiplier, given by Equation (21 1), 11-59: 


('••a 


xpm v = (l-r[w + (l-u))ol)0 Jt \Z V + X 


The new exogenous element is 
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<P X - Relative inflation (i.e., real escalation) of system expenses from the base year to the start of system 
operation. See 11-55. 
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Two new endogenous elements were introduced: 

Z v = Present value of total repetitive expenses, as a multiplier of the first year repetitive expenses. See II-56. 
x v - Present value of total non-repetitive expenses. See 11-56. 

From Equation (200), 11-56, using Equation (28), 11-15, and simplification Equations (239), U-69, and (238), 
11-69, 

Z v = 1/(1 - R x ) (266) 

The new endogenous element is 

R x = Discounted expense escalation rate. From Equation (192), 11-55: 

R x =a (267) 

The new exogenous variable is 

g x = Expense escalation rate. See II-3. 

From Equation (101), 11-56, using the simplification of Equation (239), 11-69, 


*„ = < 268 ) 

r ~'f 

The new exogenous element is 

x t = One-time (non-repetitive) cost in year t. See 11-40. 

The time of the first cash How, tf, (see 11-6) was left in Equation (266), rather than being omitted by virtue of 
simplifying Equation (240), 11-69, because one-time expenses are quite likely to occur before the start of system 
operations. 

8.2 Simplified Residual System Value 

Computation of the residual system value, even using the simplification of Equations (239), 11-69, to(242), 11-69, 
would be a formidable task, and is not included. It would not be correct, however, to conclude that the residual 
system value is being ignored. On the contrary, exclusion of the residual system value from the definition of the net 
present value would have contributed significantly to the complexity of its calculation. 

The starting point for a calculation of the residual system value would be Equation (215), 11-61 . 
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8.3. Simplified Normative System Energy Prices 

From this point on it gets considerably easier because there is only one new endogenous element and only three 
new exogenous elements to be required. That is, everything else (except the initial system capital ) can be calculated 
from information already available in this section. 

The normative system energy price is given by Equation (216), 11-62: 


X l Cl vj ccm vj + X b xpm v * 
( l-a)Espm v 


[r co - (l - r) a tpm v ] p - a (1 - bpm v 


(269) 


This is also the marginal price of system electrical energy generation (averaged - with discounting - over time), and 
cones ponds to the constant (in consent energy dollars) busbar energy price (BBEC 0 ) of USES. 

The break-even sellback price is given by Equation (217), 11-63, 


xv. 




X j a v .c c m vj + X b xp m v 
a (1 - t) E bpm v 


(1 - c)(l - r u>) spm v +(! - r)arpm v 
o(l - r)bpm v 


(270) 


8.4. Other Simplified Break-Even Values 

The break-even initial system capital is given by Equation (230), 11-65: 

C = ( { [(1 - o) (1 - r w) spm v + (1 - r) o tpm v \ p + o (1 - T)dP bpm v } E - X b xpmj/lj.ccm^ (27 1) 


The new exogenous element is 

fl = Fraction of system price due to capital goods of type /. See H-65. 

The component prices that correspond to the break-even system price is given by Equation (231), 11-65. 

C f = f i C for each/ (272) 

If, on the other hand, all of the burden of breaking even is placed on a single component, say /, then Equation 
(224), 11-64, gives the breakeven price of component/: 


Cl 


c j = 


vJ 


<t> c R‘ l + (l +«pV/(i - V> 


(273) 
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The new endogenous element, 

Ci vJ - Present value of all expenditures on capital goods of type J, 
is given by Equation (222), 11*64: 

Ci vJ * ( UO - <0 0 ' t w) spm v +(l-T)atpm v ]p + o(l-T)& bpm y }E-X b xpm v 
a vj ccm vf )lccm vJ 

The break-even system energy production is given by Equation (22S), 11*64: 

~ CI vj ccm v . + X b xpm v 

E ~ 1(1 ~ a)(l - t to)spm v +(1 - r)atpm v ] p + o(l - r)SP bpm v 

The break-even system efficiency can be found from Equation (227), 11-64: 

n = eisz 

The final two exogeneous elements are 

S = Annual energy density in kWh/kWp. See 11-1 2. 

Z - Nameplate size of the system in kWp. See 11-12. 


(274) 


(275) 
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APPENDIX A. PRESENT VALUE FORMULAS 

A.1 Present Values of Capital Investments 

For Equation (132) 1146, and (223), 11-63, using Equation (40) 11-22: 



A. 2 . Present Values Of Schedule Functions 


In Appendix B, schedule functions for four depreciation methods are given: 


“SL” — Straight line 
“SYD” - Sum of the Years’ Digits 
“DDB” — Double Declining Balance 
“RA” - Reassessment 
For Equation (135), 1146, 


bsch 


= _L _c^_ 

L<X., 

For Equation (136), U-4/, 


"-‘-‘ bscKT^ej) 

h (i +*) r ' LCC 


»“***■., ' ♦* (I- (i? 


it 

k)' 


L 


t*N 


a 


it 


(i +ky 


h \ 

z) 

r=o/ 


hsch(7 , ,I / ,^ / ,e y ) 

(l+*) r 


ICI 


RSC.i 


For Equation (137), 1147, 


bsc K, 


—4 bsch(T,Lj,fij,0j) 

7?o (i +*) r 


(A-l) 


(A-2) 


(A-3) 


(A4) 


II-A-1 


(The fact that this equation is so much simpler than its two predecessors illustrates the artificiality and arbitrariness 
of choosing a finite planning horizon.) 

For Equation (178), 11-53: 

CT /> "ip* 1 ~ r[cj » (1 -w)g^ r ] tsch(T,L t ,n lt e t ) _ 

LCCJ *t ~ (1+*)* 1 -r[co + (1 - w)o] (i + k) T ' LCCJ < A * 5 ) 

For Equation (179), 11-54, 


tsch 


J *• V h (l * ky ™« ™ (, * ty & I 

1 - r [w + (1 - w)o f , r ) tsch(T,L r u r e t ) 

X 1 - r [w + (1 - w)o) (l+*) r /CI *XJ 


For Equation (180), 11-54, 

L £ l-r[« + (l -u)o T ) tsch(T,L t , 
-L l -r [w + (l -<o)o] (l+*)r 

A.3. Present Values Of Depreciation Functions 
For Equation (157), 11-50, 


(A-6) 


(A-'j 


1 « + (l -w)o f+r tdepiT,L f ,n f ,ef) ^ 

tde Picc.i ~ * L /, L \ TTTTvr ' a Lccj 

r= t/ ( l+ *) r*i w + (l-w)o (1+*F 


For Equation (158), 11-50, 


1 /^‘ a it tL a it tL\ 

' dep * 5CJ * ♦; (S ^ r £.,\£ (T**F £/ 


co + (l -u)® ( , r tdep(T, L jt Hj,6j) ^ 

‘ ' (i +*F ICIrscj 


w + (l - w)o 


For Equation (159), 11-50, 
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APPENDIX B. DEPRECIATION 

As noted in the body of the text in Section 4.2.3, 11-24, on capital valuation, the change in value of capital 
goods with time can be represented, as in Equation (45), 11-24, by a function. That is, 


VAL a 

where 

val a 

VAL 

A 

DL 

P 


VALsch(A,DL,p,9) 

2 Value of capital goods of age A, expressed in nominal dollars. 

2 Purchase price of the capital goods, expressed in nominal dollars. 
s Age of the capital goods, expressed in years. 

2 Depreciable lifetime of the capital goods, expressed in years. 

2 Depreciation method to be used. 


(B-l) 


9 2 Salvage value, expressed as a fraction of the purchase price. 

sch(A,DL,p,9) 2 Schedule function for capital goods of age A when the depreciable life is DL, the 
depreciation method is /li, and the salvage value fraction is 9. This function expresses the 
value of the capital goods as a fraction of the purchase price, and is identically equal to 
zero if the age is negative (because the capital goods have not yet been purchased.) 

As pointed out in the discussion leading to Equation (46), 11-25, depreciation is the change in capital value from 
one year to the next: 

DEP a 2 VAL a . 1 -VAL a (B-2) 


where 

DEP a = Depreciation of capital goods now of age A, expressed in nominal dollars. 

By substituting Equation (B-l ) into Equation (B-2), we have 

DEP a 2 VAL [sc/t (A -1 ,DL, p, 9) - sch (A,DL, p, 9)j (B-3) 

Replacing the content of the brackets by the depreciation function, we have 

DEP a 2 VAL dep (A,DL,p,9) (B4) 

where 


dep(A,DL,p,9 ) 2 sch (A-l,DL,p,9) -sch (A,DL,p,9) 


(B-5) 



a 
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j 
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1 
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6.1. Straight Line Depreciation 


The timplest model of decreaee in value i* called “straight line”. This model assumes that value decreases tin* 
early over its lifetime from an initial fraction of unity to the final salvage value fraction $. This model accurately 
describes the amount of usefulness left in the capital goods If that usefulness occurs uniformly over time. The 
coresponding schedule function is: 


sch (A ,DL, “SL”, 0) 


0 

l-(l-d) 


A_ 

DL 


e 

o 


iM<0 

ifO<A<DL 

if DL <4 < actual life 
if actual life < A 


The associated depreciation function is: 

0 

dep(A,DL,“SL " t $ ) » { (1 -6)/DL 


ifA<l 
if 1 <A <DL 
if DL <A 


B.2. Sum Of The Years’ Digits Depredation 


(B-6) 


(B-7) 


“Accelerated" depreciation methods correspond to the ; sumption that value decreases more rapidly at first 
than it does later. The schedule function for pie “sum of the years’ digits’’ method 1 is quadratic: 


if A <0 


sch(A,DL i u SYD , \d) 


' ~ DL%r }\) [(2DL + i)A * A:i] *° <AKDL 


The associated depreciation function is 

<0 


dep (A,DL, “SYD” , 0) ■{(! -6) 


if DL factual life 

if actual life < A 


ifA<\ 

if 1 <A <DL 
ifDL <A 


(B-8) 


(B-9) 


'The name derive! from the form of the dep function. The ratio! of the depreciation the firit year to that of the lecond year to that 
of the next year, etc., ii (DL) : ( DL - I) : (DL - 2) : . . - : l. To make the total depreciation equal the total depreciable value, 
these numbers mutt each be divided by the sum of all of them: DL (DL * 1 1/2. 
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B.3. Double Declining Balance Depreciation 

Another dan of accelerated depredation methods has an exponential schedule function: the depreciation each 
year is a fraction of the current depreciated value (the “declining balance”). The fraction taken must be between one 
and two times that which would be taken if the straight line method were used. The greatest shift in timing is 
obtained by using the factor of two (hence, “double”). When the age reaches half the lifetime, however, straight line 
depreciation of the remaining depreciable value would give a larger depredation deduction than continuing to use 
the tame fraction of the declining balance. Switching to straight line is allowed by law and is assumed to be done. 
The “double declining balance” schedule function is given by 



Time at which I DL /2 
M * switch is made * \ 

to straight line ((DL + l)/2 


ifDL is even 
if DL is odd 


if A <0 
ifO<A <Af 

ifM<A<DL (B-10) 

if DL <A < actual life 
if actual life < A 


(B-ll) 


The associated depreciation function is 



if >4 < 1 
if 1 <A <M 

UM<A<DL 
ifDL <A 


(B-12) 


B.4. Reassessment (and No) Depreciation 

Some capital goods, such as land and working capital (and the entire energy generation system if owned by a 
consumer who derives no taxable income from its operation - that is, who sells no energy back to the utility), 
are not depreciable, but they are subject to property taxation. Thus, the book schedule function is given by 


U>B>3 


0 


if A <0 


bxh(4,DL,“*A'\9) 1 if0</4 < actual lift 

>0 H actual life <A 


(B-13) 


and the tax achedule function is given by 

0 

(1 +g a Y 


tsch(A,DL,“ RA”,0) -< 


9 


if/4 <0 
if0</4 <DL 
if DL< A < actual life 
if actual life < A 


where 


(B14) 


g a • Assessment escalation rate, expressed in % (per year). (Note that g a is not necessarily equal to g c .) 

Income tax laws do not require reporting of increases in capital values until the property is sold, which is covered in 
Section 4.3.1 . Consequently, 


dep(A,DL,“RA'\e) • 0 


(BIS) 


B.S. Tax Depreciation 

When depreciation is computed for tax purposes, the system owner is normally allowed to use a tax life which 
is shorter than the expected useful life. Hence, 

tsch(A i ,DL,u l ,6 J ) » schiA^tfXLj.p,.*,) (B-lO) 

and 

ulep {A r DL it pj,6 t ) » dep (Aj.tfX L^.O,) (B-17) 

where 


if * Tax life fraction (normally, 2/3). 
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